Bl OVEDI CAL DEVI CES CONTAI NI NG | NTERNAL VETTI NG AGENTS RELATED PATENT
APPLI CATI ONS Thi s patent application clains priority of a provisional
appl.ication, 5 Ser. No. 60/318,536 which was filed on Septenber 10,
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hydrophilic. These | enses provide a good |evel of confort to many |ens
wearers, but there are some pggpOPMTPIEGNRENTRMGE di sconfort and 20 excessive
ocul ar dep03|ts | eadi ng to reduced visual acuity when using these |enses.
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with the pr e| hé,:sqfllé'pl ﬁsetgé%g @ﬂ@?rﬁ{ pgér‘]bgjc@ﬂgamd;ﬁcﬁ%bphi lic surface of the eye.
O hers Héve tried to alleviate this problemby coating the surface of 25
silicone hydrogel contact ' I |4, &y coatings, such as plasma
coatings Uncoated |enses %@EQQBPW Bﬁmm@%@qsurface deposits are not
di scl osed. | ncor gentattierses Rbe betn Uned comrierdisllyad Rprové dkioneincé ng agent s)
into a macroner containi_ng reaction m xture has been disclosed. However,

not all 30 aiqasiihed9eQsnTae st gontackienses wemr §‘|§F’&9f Rasrmatenals and) wi t h |
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al so bedl® dlevelpprdthat 31 made of softes mateials typically hydsegeleansht s in wettability
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networks that have high oxygen permeability and surfaces that are more
hydrophobic than hydrophilic. These lenses proVide a good level of comfort to
many lens wearers, but there are some users who experience discomfort and
20 excessive ocular deposits leading to reduced visual acuity when using these
lenses. This discomfort and deposits has been attributed to the hydrophobic
character of the surfaces of lenses and the interaction of those surfaces with
the protein, lipids and mucin and the hydrophilic surface of the eye.
Others have tried to alleviate this problem by coating the surface of
25 silicone hydrogel contact lenses with hydrophilic coatings, such as plasma
coatings Uncoated lenses having low incidences of surface deposits are not
disclosed.
Incorporating internal hydrophilic agents (or wetting agents) into a
macromer containing reaction mixture has been disclosed. However, not all
30 silicone containing macromers display compatibility with hydrophilic polymers.
Modifying the surface of a polymeric article by adding polymerizable
surfactants to a monomer mix used to form the article has also been
disclosed. However, lasting in vivo improvements in wettability and

reductions in surface deposits are not likely.



added to a hydrogel conposition to forman interpenetrating network which
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not require the use of silicone macromers or other prepolymers and is suitable

20 for extended wear without a surface treatment.

SUMMARY OF THE INVENTION
The present invention relates to wettable silicone hydrogels formed
from a reaction mixture comprising, consisting essentially of or consisting of
25 atleast one high molecular weight hydrophilic polymer and at least one
hydroxyl-functionalized silicone-containing monomer.
The present invention further relates to biomedical devices formed from
a reaction mixture comprising, consisting essentially of, or consisting of a high
molecular weight hydrophilic polymer and an effective amount of an hydroxyl-
30 functionalized silicone-containing monomer.
The present invention further relates to a method of preparing a
biomedical device comprising, consisting essentially of or consisting of mixing
a high molecular weight hydrophilic polymer and an effective amount of a



The present invention yet further relates to a nmethod conpri sing,

consisting essentially of or consisting of the steps of (a) mxing a high 5
mol ecul ar wei ght hydrophilic polynmer and an effective anount of an hydroxyl -
functionalized silicane-containing ppnoner and curin e product of
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wi thout a sugdtaemtyldf 8RbpRAAIMIYidvitedomid irmea P@acﬁ&ﬂhﬁ&dre%ﬂﬁbﬁsiﬁ’é, lless than.
about 80, less than about 70 or |ess than about 60. The present invention

still fut hesonpistingressentially:ef angiconsisting of adding at leags ope highanaleewara r eact i on

m xture co L S oy k| r .sting of at |east one
hydr oxyl -fmét@éﬁg??g@ﬁﬁ?éﬁgg%@%ﬁ%g?hiaﬁmgg&rtoﬁgrtr{eer%gﬁgir?z an anount of high
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tear fil m brwetabiity of ameplithalmicdedce\fdsred front ardactiemmixture comprising,
20 consisting essentially of and consisting of adding at least one high molecular
weight hydrophilic polymer and an effective amount of at least one hydroxyl-
functionalized silicone containing monomer to said reaction mixture.
The present invention still further relates to a biomedical device formed
from a reaction mixture comprising, consisting essentially of and consisting of
25  atleast one hydroxyl-functionalized silicone-containing monomer and an
amount of high molecular weight hydrophilic polymer sufficient to provide said
device, without a surface treatment, with an advancing contact angle of less
than about 80°, less than about 70° or less than about 60°.
The present invention still further relates to an ophthalmic device
30 formed from a reaction mixture comprising, consisting essentially of or
consisting of at least one hydroxyl-functionalized silicone-containing monomer
and an amount of high molecular weight hydrophilic polymer sufficient to
provide said device, without a surface treatment, with a tear film break up time



A device conprising a silicone hydrogel contact lens which is substantially
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As used herein, a “blomedlcal device" is any article that is designed to

20 be used while either in or on mammalian tissues or fluid, and preferably in or
on human tissue or fluids. Examples of these devices include but are not
limited to catheters, implants, stents, and ophthalmic devices such as
intraocular lenses and contact lenses. The preferred biomedical devices are
ophthalmic devices, particularly contact lenses, most particularly contact

25 lenses made from silicone hydrogels.

As used herein, the terms “lens” and “opthalmic device” refer to
devices that reside in or on the eye. These devices can provide optical
correction, wound care, drug delivery, diagnostic functionality, cosmetic
enhancement or effect or a combination of these properties. The term lens

30 includes but is not limited to soft contact lenses, hard contact lenses,
intraocular lenses, overlay lenses, ocular inserts, and optical inserts.

As used herein the term “monomer” is a compound containing at least
one polymerizable group and an average molecular weight of about less than
2000 Daltons, as measure via gel permeation chromatography refractive



ol igonmers, including oligonmers nmade fromnore than one nononeric unit. As
used herein, the phrase "without a surface treatnent” neans that the
exterior surfaces of the devices of the present invention are not separately
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20 High Molecular Weight Hydrophilic Polymer

As used herein, “high molecular weight hydrophilic polymer” refers to
substances having a weight average molecular weight of no less than about
100,000 Daltons, wherein said substances upon incorporation to silicone
hydrogel formulations, increase the wettability of the cured silicone hydrogels.

25 The preferred weight average molecular weight of these high molecular
weight hydrophilic polymers is greater than about 156,000; more preferably
between about 150,000 to about 2,000,000 Daltons, more preferably still
between about 300,000 to about 1,800,000 Daltons, most preferably about
500,000 to about 1,500,000 Daltons.

30 Altematively, the molecular weight of hydrophilic polymers of the
invention can be also expressed by the K-value, based on kinematic viscosity
measurements, as described in Encyclopedia of Polymer Science and
Engineering, N-Vinyl Amide Polymers, Second edition, Vol 17, pgs. 198-257,
John Wiley & Sons Inc. When expressed in this manner, hydrophilic



about 46 and about 150. The hi gh nol ecul ar wei ght hydrophilic polyners are
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r eact i nd0t hderrsed woryin the patigns pegulatior displayidepositions pated eenonve orh nat eri al s

containing r &irtcal ﬁ%?l rreri.zabl e groups, such as

i socyanat oet™HYM'n®{eh aPEMY- net hacryl oyl chloride. Hydrophilic

prepol yners madesitabig &iv6ums onhigh migleciiar welghttydmphliie polypenintidyé nmet hacryl ate

may al so be used. The glgpci dyl nethacrylate r can 25 beh o€$ ed to give a
b ot Ty

di ol whi ch ity sRoutd &gy tééﬁféﬂﬂ?&?%?ﬂ*vﬂ‘?'iﬁRiﬁgﬁgﬁ%'ywm%m repol ymer in
a m xed Sysigafent rodepRATeby ABa 6Th b L phief, all Based B tietbpul ar wei ght
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and any 18t hof allreaglive compsmentspart conpatibility. The preferred high
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pi peridone, DMA Yunbtiohidlizéd By eaolyrerizing DMAeWitisla Ressemmolsir dAhotintwf a 4- et hyl -2 6
20  hydroxyl-functional monomer such as HEMA, and then reacting the hydroxyl
groups of the resulting copolymer with materials containing radical
polymerizable groups, such as isocyanatoethylmethacrylate or methacryloyl
chloride. Hydrophilic prepolymers made from DMA or n-vinyl pyrrolidone with
glycidyl methacrylate may also be used. The glycidyl methacrylate ring can
25 be opened to give a diol which may be used in conjunction with other
hydrophilic prepolymef in a mixed system to increase the compatibility of the
high molecular weight hydrophilic polymer, hydroxyl-functionalized silicone
containing monomer and any other groups which impart compatibility. The
preferred high molecular weight hydrophilic polymers are those that contain a
30 cyclic moiety in their backbone, more preferably, a cyclic amide or cyclic
imide. High molecular weight hydrophilic polymers include but are not limited
to poly-N-vinyl pyrrolidone, poly-N-vinyl-2- piperidone, poly-N-vinyl-2-
caprolactam, poly-N-vinyl-3-methyl-2- caprolactam, poly-N-vinyl-3-methyl-2-
piperidone, poly-N-vinyl-4-methyl-2- piperidone, poly-N-vinyl-4-methyl-2-

6



caprol actam poly-Nvinyl-3-ethyl-2- pyrrolidone, and poly-N-vinyl4,5-

di nmet hyl - 2-pyrrol i done, polyvinylimdazole, poly-N N-dinethylacrylam de,
pol yvi nyl al cohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl
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copol ymer s 5caproladtan paly-Nhvinyk3ethyl-2neisralidenes aeth eely-Nwinyhdedrai n, comb- shaped

t h ; , - ' i i ticularl
prererred.  ATSOVE AR TG BoRRRInSse PN SreBBREntdnds, | * P o e
The hibglh_ nol ﬂmw(ijrqralwﬁjogtvlolyblyrgmqnﬂid,lpdyemylepmideppajw d_thly! am:zolinedh 4 cal

ttability, an rticul a imprqved in .vivo wettahility to the nedica
\élv:vi 2es 1% r@ﬁpa['ﬁEg]kﬂ?%ﬁ?ﬂdreﬁWF&?’HW@H&HE%%r‘f&p )S'ﬂﬂr&yby any theory, it
is believed fifvifdingHodkidd FariBie Bidhahed @iuitithainy ébnithBihdped oPSfay Ter s ar e hydrogen
bond receivers which in agueous environnents, hydrogen bond to water, thus

beconi ng ef f ehapedidhsreaiovherepoly-divinylpyrrolidere (R icrarigulagytpseferedsi | i t at es t he

I ncorporatio, ] Ll i : ;N M xture. Aside from
15 the speci ??@anlgéjgHﬁgﬂgégﬁ?S#%%%Pgé:wuﬁrac\g?%%ﬂsgfgg ilic polynmers, it is
expect ed t hat anyhahigh naléatan weighivbydrbphilopolyreers wrdvidebimprovedul in this

I nvention proyl t hat n, sai A [ to a.sjlicone hydrogel
formul ati on,‘g?rk?gﬁﬂ'yaP%BWﬁ%”yd@P&%ﬁ "{ §§o HS@%ba"ﬁgﬁqgﬁﬁﬁgﬁt Qegfc% phase

separ at e10 f r 6fithé presért arviehtion. IWiiout Beifg Bo(rid) by anyahécry vieis bakvedty to the
resulting cured grgs olg{rrer. I n sorreelg@rrbgdi neyﬂ:grg itdYs pr ef vrred t hat the

hi gh ol ecul@?“ﬂ%h@ﬁt’“ SFPER" WiSHANE Prdropiiio RAlMese AINIGENIDANE he di i uent at
processing ! REnGk8 WhIcRth aqUddNy bARIgATIENEs, RYAPEESRhAMD Walkr Ufas wat er of vat er

sol ubl e diluents may be preferred due_to their sinplicity and reduced cost.
In these enbhrtomingeffeniively merglhydriophilic.wEhe)albsengeipbyaier facilitstesghter s which are
wat er sol ubl; . OC | o enred.
Hydr oxyl - f un@?‘?é‘ﬁgﬁ&z@gﬁésmr%@n'gtpc n éﬁ]ﬁﬂégéan%ié@@t&&s Aaggém%r ein a
"hydr oxy1$ f uthe spewifichilymained higlt owotecalanweight mgropbiliopelyners, i conpound
containing at_|ea ne pol rizabl e grqup hayin n.ayerage 30 nol ecul ar
wei ght of abtBh CtFég???%ﬁg%& c TWSHQP%CQV 2 'Eb%gs%?"a\" Y perneation
chr omat Ograﬁhvbntibﬁﬁfo&mbdmt whele xaid @olyaier Fadded b PEifiéeedtiogkless than about
3000 Daltons, which is capable of conpatibilizin ,tFe silicone containing
nononers i ncfpﬂﬂéﬂ'qnnthﬂ’i‘_é‘d'ﬁ?m%%}’mf AnHoeR N SURGENialRhass eRARteEl i ¢ pol yrer .
Hydr oxyl f ungdr gaakhdtién 'nﬁxtMt%rdﬁd%fihﬁaﬂé‘@veﬁ&biﬁw Peirditiy ¢urahi 1ic 7
20 polymer. In some embodiments it is preferred that the high molecular weight

hydrophilic polymer be soluble in the diluent at processing temperatures.

Manufacturing processes which use water or water soluble diluents may be

preferred due to their simplicity and reduced cost. In these embodiments high

molecular weight hydrophilic polymers which are water soluble at processing

25 temperatures are preferred.

Hydroxyl-functionalized silicone containing monomer

As used herein a “hydroxyl-functionalized silicone containing monomer”
is a compound containing at least one polymerizable group having an average
30 molecular weight of about less than 5000 Daltons as measured via gel
permeation chromatography, refractive index detection, and preferably less
than about 3000 Daltons, which is capable of compatibilizing the silicone
containing monomers included in the hydroge! formulation with the hydrophilic
polymer. Hydroxyl functionality is very efficient atimproving hydrophilic



conpatibility. Thus, in a preferred enbodi ment hydroxyl-functionalized
silicone containing nononers of the present invention conprise at |east one
hydr oxyl group and at |east one "-Si-OSi-"group. It is preferred that
silicone and its attached oxygen account for nore than about 10 wei ght

percent of 5Posualbiltydibus, ina pretemestrmbodiraeny hydiosyduediaealichf ng nononer, nore
preferably Jppge E%g@&%oﬁ@@@f‘tﬂ@@re?@rft‘?rﬁ/éhtioﬁrgﬁrnﬁr%}e'sa‘?Iel‘%fst ofle L0 OHin the

hydr oxyl - f unct1 ona I'cone contal ni ng nononer al so Inportant to
provi di ng a hydohxgbgrourf andcatileashbne £8i-QiSii'groue It ispreferred that siticameer which wil |

rovide the desired degree of 10 co tibilizatlbQn. . 1§ the ratio of
Iﬁydr ophobi c %ﬁr'ﬂ?iagﬁcqeg ‘f’ka‘i°88"‘rcf9gﬁ,8"et‘ A a%’gb@ﬁﬁ@} B?f(?f"i“(?ﬁal I zed silicone
nononer nRy 4R BRARSxyRunctidRBRied!¥ilcbAd cuntdifing mayidmep dre preferaiyer, resul ting

in inconpatible reaction m xtures. Accordingly, in sone enbodinents, the Si
to OH ratio Marejthansahoyb?0 weight Pereent. and preferably between about 1:1 to

about 10:1. In SQRE & @gim%ﬂéihmg?(%%ﬁbﬁm?ﬁa §mm}g%soﬁfléwﬂgded i nproved

conpatibility conpared to secondary’ ose of s in the art
wi | | appr ecimeromenig alshinpaneotto psovitinga bydroxyhfungtionajizedosidoné unct i onal i zed

silicone co | EL: W : cly hydrophilic polynmer is

needed to ac i I egree to which the
Pl B v PR P B8 Yepfe

si | i conel1@® ordomipatitiizatiomoifrthe ratio of todraphbbib pertioh tdOH s tadthigty, deophi | i ¢ pol yner .

Exanpl es of hydr oxf | - f uact Lbonal i zed sili COﬂ)e cont ai ni ng. ppnopgers i ncl ude

mononers of NEFPMr é%"t'P“ zgd piicege rRgnomer May bepoorafgompatipizingiier o5 | R1 R2

R2 Rs 1 1 lhydRphitie pblyMmer, msultiAgiid inchifpstibereBctionimiRtirédt ARcotdingl,
in some embodiments, the Si to OH ratio is less than about 15:1, and
preferably between about 1:1 to about 10:1. In some embodiments primary

15 alcohols have provided improved compatibility compared to secondary
alcohols. Those of skill in the art will appreciate that the amount and selection
of hydroxyl-functionalized silicone containing monomer will depend on how
much hydrophilic polymer is needed to achieve the desired wettability and the
degree to which the silicone containing monomer is incompatible with the

20  hydrophilic polymer.

Examples of hydroxyl-functionalized silicone containing monomers
include monomers of Formulae | and Il

R’ R?

| |
R'—Ré-c~R®—si-R®

B R

25 I

RoR R R
R’—R®-C -R®—Si—[0Si],-R®-C—R®-R’
I . l, o 1, I
R R* R R



wherein: n is an integer between 3 and 35, and preferably between 4 and 25;
R is hydrogen, Cl_6al kyl; R2,R3, and R4, are independently, Cl.6alkyl,
triC, .6al kyl siloxy, phenyl, 5 naphthyl, substituted Cl-5al kyl, substituted
phenyl, or substjituted naphthyl where the alkyl substitutents are selected
from one or We#'EINenbers of the group consisting of Cl-5al koxycarbonyl

Cl-sal kyl , ers%'iéﬂgﬁbftgﬁé]%f?anﬁ, Q%Hnsfej?%tﬂﬁ BétWeen 438925

| 1
C, . 6al kyl car bonyl ere e aronatic suﬁst itutents are
sel ected fr oRlishydrogemEi.ealtyd; members of the group consisting of

car boxy ! Ciaan #0f st AgEpaanti gl Y S Rb OB, 2k 5 bup
cont ai ni r§) omephyl, STHsttutAIT Doalkll, Subztited phienyl( SASUOSHRREOhAENHHI- R* wherein y is

1 to 5, preferabl¥ 1to 3, X isS an |nte9er of 15 1 to 100, greferably 2to
90 and nore pref $gls the alkylisybstitutents arerselected fro{a o AUBATE PedBeEct ed from H,
al kyl having up I aNi 10 carbon atons
substituted WithE)fe)lt'p&&eogll tcggﬂg %ﬂ%ﬁﬁ#%él fd]gérﬂgﬂ%b&%& is a dival ent
group conpri si ngaonsle; balogenc hydroxyl, catexyl, Rzalkyicarbenyl@nd fermyl, @néup t hat can

under free radic . O ' | rising up to 20
carbon atons R6 %e%q% g@f@?\‘% sgﬁrﬁlﬁﬁ}eln@s%rég‘?fegfeghf%ﬂg%rﬂenp&irfs?c]‘?rgg up to 20 carbon
atonms. 28 React i eremberstof thesgrofip torsisting sfelitsalkoxyzatbionyl, Graalkyhcl ude nmore t han

one hydroxyl-functionalized silicqne cantajni mey . For  nmonof uncti onal
hydroxyl functi ofrasakPX¥ am ?H@:‘P@%&Wﬁ%ﬂxﬁi ;ﬁgboa@%dg@?ﬁ@q{éorm 8%rred RL is
hydrogen, and thempgeferred R2, R3, and R4, are Cl.6al kyl and

triC, .sal kylsjiloxy, nost preferred nethyl and trinethylsiloxy. For 30
nul ti functi dRaF hy@petalkyhatoup Eoaiging oe R mRee hydaexykGravrs: oy conpri se

an acr vl ot e, CHASFOR MEMER DRRUBRY €81 7 JHERHRY, €100 35 o BHREEEE ) 2 r o1 o do.
N- vi nyl1%ct hie 108; preferabiyn the90 andanore Peeferahly|10 1¢25; 1R R'éage phenyi , _
2.1 2a1 ke gy L2 L k| BRGS0 on o Snd ST 20 15

having up to 10 carbon atoms substituted with at least one polar functional

group,
20 R®is adivalent group comprising up to 20 carbon atoms;

R’ is a monovalent group that can under free radical and/or cationic
polymerization and comprising up to 20 carbon atoms
R®is a divalent or trivalent group comprising up to 20 carbon atoms.

25 Reaction mixtures of the present invention may include more than one
hydroxyl-functionalized silicone containing monomer.

For monofunctional hydroxyl functionalized silicone containing
monomer the preferred R’ is hydrogen, and the preferred R%R3, and R?, are
Ci.salkyl and triCq.alkylsiloxy, most preferred methyl and trimethylsiloxy. For

30 multifunctional (difunctional or higher) R'-R* independently comprise
ethylenically unsaturated polymerizable groups and more preferably comprise
an acrylate, a styryl, a Cyalkylacrylate, acrylamide, C1.¢alkylacrylamide, N-
vinyllactam, N-vinylamide, , C,.12alkenyl, Cz.12alkenylphenyl,
C2.12alkenylnaphthyl, or C..¢alkenylphenylC1.galkyl.



hydr oxyl being nost preferred. The preferred R6 is a dival ent Cl-6alkyl,
Cl. 6al kyl oxy, Cl. 6al kyl oxyd _6al kyl, phenyl ene, napht hal ene,
Cl. 12cycl oal kyl , 5 C1. 6al koxycar bonyl, am de, carboxy, Cl.6al kyl carbonyl,

bonyl, Cl.6alKk b C | K t d Cl1.sal kyl :
Cabor bt e oo s Pl R CosBhY G BRER BLE L 51 L
napht hal ene, hﬁ%quﬁédét,ﬁgst%fwcl oal kyl, where the substituents are

selected fro nmore nenbers of the group consisting of
d - 6al koxycar bonyhe prefereed RYis 2 dwaletl keatyl, Candligdoxyhal ogen, 10 hydr oxyl ,

b I | f d R6 i
Grvarant " oo ARDY bheAitnd Selithalo RO CESERBMIE. Y PLELEr o0 o 1S @
reactive gr dthrsalkewarlb@aylflﬁmldama]tl)ﬂ?lﬁa e@ll@tc;lll'bxbhyl wm’gfl' ESO{JlsaM?xyet hler »

t nat r . . Ba r e, .acrylam de, a ryl am de,
. coonet e 1R LSRN S S35 MRS SRR
C2. 12al kenyl Bl pheBlere? si3inphhakEloubiriéh Clr,cheiod oni ¢ react i ve

group such as vinyl "ether or epoxide groups. The partlcul ary preferred R7
i s met hacr ylwhese thersubgtiteends aeselegteddromsone o m@m@mmms efthe groupCi. 6al kyl oxy,

Cl. 6al kyl | | kyl, 20
Cl. GZI kgx%acSB'(‘i)'nﬁr)'lld%f OMGQP&&%S%@%X ﬂ%@' ﬁ%ﬂ&ﬂ%%gn% E’bg'gr bgnyl
Cl- 6al kovdy, hysrdxgt, tarbosxt] G.T,Jgalﬁyid:dcydmyl mdofstmyluﬂ' kel paiticlatyprefered REubst i t ut ed

Cl. sal kyl oxyd . 6a tituted phenyl ene, substituted naphthal ene,
substituted' ﬁdi@@gmggy%neih Yiél§ér e the substituents are selected from one

or nore nenbers qfﬁehdwerﬁﬁdqdmomaéséfre@eadﬁzfal rehdiive - glidhqydn  CL. 6al kyl ,

Cl. 6al koxy, am de al ogen hydr oxyl , car boxE '6al kyl car bonyl and
fornyl . The asaviate ca stul, ympdr winethes, iRgonate gouPeR: kga"tyiamlatw kyl . Exanples of

DAt Xl o SRR gty SR LSRRG e B 2 | that are
met hyl -, 16 hyGreatkergiphenyl,1G23 akedyinaphtateartGelsalkenyirhenylCy.calkyl or a
L(tr ;jm?t Y1 sdakighid Pesti Gob Saas MHyPAREVAp8RYE gfothe " TheWiriduiarg" 2 so be
( 3- net hacr y| praferred RY idrmethpergiptel oxy) propyl bi s(tri met hyl si | oxy) nmet hyl si | ane)
10 0 0" S (CH) 3The pre?érr(e% is is a divalent C.salkyl, C4.galkyloxy,
CsalkyloxyCi.¢alkyl, phenylene, naphthalene, Cy.12cycloalkyi,
20 Cyealkoxycarbonyl, amide, carboxy, Ci.¢alkylcarbonyl, carbonyl, Cgalkoxy,
substituted C.salkyl, substituted Cisalkyloxy, substituted C_galkyloxyCi.galkyl,
substituted phenylene, substituted naphthalene, substituted C;.12cycloalkyl,
where the substituents are selected from one or more members of the group
consisting of Cy_galkoxycarbonyl, Cs.¢alkyl, Cs.galkoxy, amide, halogen,
25 hydroxyl, carboxyl, Cs.¢alkylcarbonyl and formyl. The particularly preferred R®
is C1.¢alkyloxyCi.galkyl. |
Examples of hydroxyl-functionalized silicone containing monomer of
Formula | that are particularly preferred are 2-propenoic acid, 2-
methyl-,2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-
30 [(trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester (which can also be named
(3-methacryloxy-2-hydroxypropyloxy)propylbis(trimethylsiloxy)methyisilane)

10



The above conpound, (3-nethacryl oxy-2-

hydr oxypr opyl oxy) propyl bi s(tri nethyl siloxy)nmethylsilane is formed froman 5
epoxi de, whi ch produces an 80:20 m xture of the conpound shown above and
(2- met hacr yl oxy- 3- hydr oxypr opyl oxy) propyl bi S(ﬁt [ hrsgt hyl si | oxy) met hyl si | ane.
In sonme enbodi nents of the priesent inventi opy” (EH3 preferred to have sone

anmount of the primary hydr mﬁmg/,\pmgi |y greater than about 10 wt %
a% 0 W% &SE@D

and nore preferably at |eas oug%? her suitable

hydr oxyl -functi onal i zed silicone nt ai ni ng™ Fers i ncl ude
(3-nethacry|oxy-2-hydroxypropy|oxy)propyltri§€$g3nethylsiony)siIane 00
Si(CH3)3 -~A0~-~O"~6-0-Si(C-13)3 CH 6, Si(CH3)3 15

bi s- 3- met hacryl ox -2-hydroxypropgloxypropyl pol ydi met hyl sl | oxane 0 0 OH CH
20 3- net hacryl oxyheapove compound, (3-methacryloxy-2-

hyd oxyet o il e AR B SBRRSS iR BN i e 11 0 S1 0

N, :\l y : N'5h t leap!olaihé,smﬂehl‘rgbgﬁwsmmixm ofxtvwcmp?dmldahp\)m :abwe:hgmlm nf)pr opyl - )
0 1 net I 1 oxan react] o ro ts Cl . t hacr ate wt

Dy e G lmatha oo Rty papysran ey hiras Systhy fediyis@he, 2"/

hydr oxy! - f UNAsbRBmbdHimeRRI S thecHBSaHt HivastioRTINS PRferréd:th Bavé Sorha@b! e

hydr oxyl -functional silicone containing nonomers include those disclosed in
col ums 6, 7 amaungoighe pamarydwdroxylpresenti preferably greater than about 10 wi%

and more preferably at least about 20 wt%.
10 Other suitable hydroxyl-functionalized silicone containing monomers
include (3-methacryloxy-2-hydroxypropyloxy)propyltris(trimethylsiloxy)silane

0 o SiCHa)3
w‘)LO/\,/\O/\/\S:i-O-Si(CH;,)a
OH o}
Si(CHa)3
15
bis-3-methacryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane
0 0
0N J\/
OH /\ /\ Ol
20

3-methacryloxy-2-(2-
hydroxyethoxy)propyloxy)propybis(trimethylsiloxy)methyisilane

11



15 nononers disclosed in 4,259, 467; 4,260, 725; 4,261, 875; 4,649, 184,
4,139,513, 4,139,692, US 2002/0016383, 4,139,513 and 4, 139, 692. These and
any other patents or applications cited herein are incorporated by
reference. Still additional structures,which maybe suitable

hydr oxyl -functionalized 20 siliconésgontaining nononers include those
simlar to the Oonpounds di scl osed iARro. ACS Div. Polym WMat. Sci. Eng.,
April 13-17, 19 7 and haV|j§ the follow ng structure: ROOROR 0 H

ORORNOR ndependently conprise H or a

pol ymeri zabl e unsat rat ed gr oup, \h at | east one R conprising a

pol ymeri zabl e” gr oup, easp one R and preferably 3-8 R conprising
H. Additional sui tabl e hyd rOQbI —f-Shc—t-l onal i zed silicone containing 5

nononers are disclosed in U S. Padent 4,235,985. These conponents nay be
removed fromthe hydroxyl-fucntionalized nmononer via known nethods such as
i qui d phase chromatography, distillation, recrystallization or extraction,
or their formation may be avoided by careful selection of reaction
conditions and reactant ratios. 10 Suitabl e nonofunctional

hydr oxyl -functi onal i zed silicone nononers are connercially avai | abl e from

CGel est, Lnc rrj.svi mul t i functi
hydr oxyl 2f uHcNNR ﬁ'tﬂr?‘%ﬂgﬂ?tﬁﬁ%ﬁ%"yﬁg’ﬁﬁﬁg’f@%ﬂy %‘BMEMPPWY'am | abl e from
Cel est, | NnCpolMifein§isilddafie PA or may be made using the procedures disclosed
in 5,994, 488 and 5;/962,548. Suitable PEG type 15 hydroxyl -functi-onalized
silicone nononers nay be made using the procedures disclosed in
PCT/ JP02/ 02231. Wil e hydroxyl -functionalized silicone containing nononers
have been found to be particularly suitable for providing conpatible
polymers for bionedical devices, and particulalrly ophthal mc devices, any
functioqﬁlized 20 silicone containing nononmer which, when polynerized and/ or
fornmed ihto a

The reaction products of glycidyl methacrylate with amino-functional

polydimethylsiloxanes may also be used as a hydroxyl-functional silicone
containing monomer. Oth'er suitable hydroxyl-functional silicone containing - --- - --
monomers include those disclosed in columns 6,7 and 8 of US 5,994,488, and
15 monomers disclosed in 4,259,467, 4,260,725; 4,261,875; 4,649,184
4,139,513, 4,139,692, US 2002/0016383, 4,139,513 and 4,139,692. These
- and any other patents or applications cited herein are incorporated by
reference.
Still additional structures which may be suitable hydroxyl-functionalized
20 silicone containing monomers include those similar to the compounds
disclosed in Pro. ACS Div. Polym. Mat. Sci. Eng., April 13-17, 1997, p. 42,

and having the following structure:

OR OR O

RO | \ /, \/ |
W N_~_Si {O,&\}/\/NM/\ oR
OR OR

12



final article is conpatible with the sel ected hydrophilic conponents may be
used. Suitable functionalized silicone containing nononers may be sel ected
using the foll ow ng nonomer conpatibility test. In this test one gram of

each of nono-3-nethacryl oxypropyl term nated, nono-butyl term nated 25
pol ydi net hy [ere fat-50 apoRndanepeently Gomprismd OéarPBWH’ﬁé'?aQB be tested are

m xed toget lﬁfﬁ 0C. A

m xt ure of E’?Ea\}}é% %?@1%‘ 5% R?%gﬁaﬁ%ﬂbs"%fgﬂ?ﬂggzrﬁe %ﬁ)&p%gaadded dr op-
wi se to hydrabjeastone thnpqnefetab@otﬁ-atﬂ comprisinghHstirring, until the solution
remai ns cl oudy ree . mnutes . of .stirring. The ss of the added bl end
30 of PVP and Dl\Aéqetéona ?‘@?Wﬁééofﬂ'fﬂ}cgﬂéﬂ'&ﬁ%S'ﬁ%ocpgr‘:&@@ané%g t he nononer

conpat i big i tnyonofféeXare MtioB¥E QX B! PAtentcs, 2381945, zed SI I | cone-cont ai ni ng nononer
having a conpatibility index of reat er than 0. nor e pref erably 13

greater than abolfese comgerenis maY besam V@déP&@SIWd@xﬂéﬂgﬁ'oﬂﬁﬁﬁ about 1.5
grams wl| %nﬁmeﬁ'??'kﬁoﬁﬁhe%@s%Uqﬁé(#lﬁu!}dé&%ﬁ&gﬂ%mﬁ%@rﬁﬁ ective amunt” or a

"conpati bilizing effective anmount ydr oxyl - tonalized
si | i cone- comlistilationgreonystatization of extractiom\os theirdorniation Imay te awidedbyneeded to

he ot hor  consahaegienolfoasiih fyRioRY sfftheBerl VT 0L The arount. o

hydr oxy!+0f unctlosmtabeldwmmmn@mwdraxymmnde shiidone nebpeees arg part on the
anount of hydr

lic useda,
hydr oxyl - fuﬁ@’ﬂ‘ﬂ%ﬁ%@'b’%g' Yq ﬁél%br'ﬂcaMﬂ"r‘?d"'ﬁtFrﬁm’gP“@iq ng needed to 10
conpati bili %Itﬁu&'ﬂ&ﬁal ﬁ?&?ﬁﬁiﬂfdr@inbr%ﬁeﬁnhé&h@rn%BHePé?arB%Wrcnal@f fective

anount s of y rox -functional i zed | i cone cont ai ni ng nononer in the
pol yner f orangilakle from Gealestiins, ubmswlle%ﬁ(omghbe pade uping theased on the wei ght

per cent age %poc%ggrtegg |¥)§é/oe| cgg@pw%@%gﬁ% g};p%w%glgf}:_@ Eerabl y about 10%

to about 80% era dbou '0 abou In addition to the
hi gh m)l1écu|h§1dronysl-iﬁg1tt|oria}1ded)$liuohemqnotnﬁrsamay beithade@sing i oxyl - f uncti onal i zed

silicone containin ention other hydrophilic and

hydr ophobi cP Fﬂfﬁa ggg& "@E?’Cﬂj@@%ég itives, diluents, polynerization
initators may beWhﬁé?ler@(fouﬁﬂwnehzTeh%lllbbmtélmh ﬁfbmmeﬁs idvebBen i nventi on.
In addition. to hi ar. wei.ght - véaldro h|||c rlk/rrer and 20

hydr oxyl - f uﬁ@{"pdﬂg? PE’@B“'Q#M suitable fordre &R hydr ogel
for mul at i onggRfedicaldevieds, aHaHarticarRitly O%h{Haﬁﬁe@eﬁé’éE Qhﬁfu’ﬂ&ldﬁaf@aﬁr S,

hydr ophi i c
20 silicone containing monomer which, when polymerized and/or formed into a
final article is compatible with the selected hydrophilic components may be
used. Suitable functionalized silicone containing monomers may be selected
using the following monomer compatibility test. In this test one gram of each
of mono-3-methacryloxypropyl terminated, mono-butyl terminated
25 polydimethylsiloxane (mPDMS MW 800-1000) and a monomer to be tested
are mixed together in one gram of 3,7-dimethyl-3-octanol at about 20°C. A
mixture of 12 weight parts K-90 PVP and 60 weight parts DMA is added drop-
wise to hydrophobic component solution, with stirring, until the solution
remains cloudy after three minutes of stirring. The mass of the added blend
30 of PVP and DMA is determined in grams and recorded as the monomer
compatibility index. Any hydroxyl-functionalized silicone-containing monomer
having a compatibility index of greater than 0.2 grams, more preferably

13



nononi ers, and cross linkers to give the bionedical devices of the
I nvention. Additional Silicone Containing Mnonmers 25 Wth respect to the
addi tional silicone containing nononers, am de analogs of TRI'S described in

U S. 4,711,943, vinylcarbamate or carbonate anal og% decribed in U S Pat.
5,070, 215, &ratefithakabrut 8darams engymastiseferably areateninaeabewt 16 s, Pat .

6, 020, 445 arq?aﬁl'é\gﬁl.tﬂe s%ﬂﬁ%lé%‘?%geﬂtf%%ﬂﬁdn?ned patents as well as any ot her
oned in this specrti

pat ents nent cation are hereby 30 incorporated by
reference. Mre Amptefietiiveamount” or a "compatibilizing effective amount” of the

monoe: et SRR GO SR E S s o B hepton s e
pol ydi metshy lapidufteietRid toocdmiidiibfize/braisspive ihe mgﬁ(ﬁdléd_mﬁrméigﬂ' oxy) met hyl si | ane,
met hacryl oxyl pr Oﬁ& pent anet h di si | oxane and conbi nations thereof are 14

I
parti cul ar | yy&es P%l!mafoﬁﬂdttg%ﬁﬁﬁf camrargnts of thetralymerdormuialioBr s of t he
I nventi on. lgik d Ie | 3 M Al Qi ‘m.[%s Hﬁc?fn present in
anount s of J@ggttﬁé8ﬁ?%nt%ht@&%f%%ﬁhﬂwew%r@§$@ra r{/‘o %Eh(’)'ﬂljt 5 and about 60
and nost pr eeperaihpadfondiearnourd obinytireihilisgolyimeyowhichHy dsexdy withimorébnoner s
Addi ti onal | regctian conponents of. the present.inventipn may al so include
any hydrophi)‘\y?@xﬂ'gﬁ‘ﬂfﬁ@?é'zggﬁ' R ki) cBW@‘BWé"@WWéHﬂ"@H@PQ?é/%r ogels. For
exanpl e 100 neompatitsizethidhar Bshcahtratiohs otHyarphilic pblymerC¥ectivbaruftsi s 10
hydr ogen or .eal k an Xis 0 ar, vinyl r,ouRs (-C=CH2) may be used.

C | an X ). or 1 y
Exanpl es of Ohydrexyriunctionafizesisilicone. cortziping monamer i tRe aplv@ehy| acr yi ani de,
2- hydr oxyet W Egéa 2- hydr oxyet hyl
met hacryl amwe,u%gﬁsg{%gfé‘e)ﬁuet% ol %ﬁ@gng‘? acr%?g?}e%% hacrylic acid,
acrylic aci jperaentageof theyeaative mnqnemsmﬂhouwﬁréc Riaferably ebautdkd%
N-vinyl-N-e C ' | rmam de, N-vinyl formam de
and conbi na??%é%u}gpﬁ’éﬁggﬂrgﬁgbm&%ﬂébg?flalg%%l#aqfo%ydrophi |ic nmononers
ment i ondd above, In guditipn to/the higheneequidrweight hydrophiglicopeymers i@nd ¢heof t he t er m nal

oot o BB S8 S R e e B A Ay S 22
discl osed | mybiephiic 4RhyehSphobic iorshatss droablnkersobatiins uent, di scl osed in US
’ ’ " polymerization initators may be used to prepare the biomedical devices of the
invention. In addition to high molecular weight hydrophilic polymer and
20  hydroxyl-functionalized silicone containing monomer, the hydrogel
formulations may include additional silicone containing monomers, hydrophilic

monomers, and cross linkers to give the biomedical devices of the invention.

Additional Silicone Containing Monomers
25 With respect to the additional silicone containing monomers, amide

analogs of TRIS described in U.S. 4,711,943, vinylcarbamate or carbonate
analogs decribed in U.S. Pat. 5,070,215, and siloxane containing monomers
contained in U.S. Pat. 6,020,445 are useful and these aforementioned patents
as well as any other patents mentioned in this specification are hereby

30 incorporated by reference. More specifically,
3-methacryloxypropyltris(trimethylsiloxy)silane (TRIS),
monomethacryloxypropy! terminated polydimethylsiloxanes,
polydimethylisiloxanes, 3-methacryloxypropylbis(trimethylsiloxy)methyisilane,
methacryloxypropylpentamethyl disiloxane and combinations thereof are
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5, 304, 584, and et hoxyl at ed bi sphenol A, as disclosed in US5, 565,539, reacted
with one or nore nolar equival ents of an end-capping group such as

I socyanat oet hyl nethacryl ate, methacrylic anhydride, nethacryl oyl chloride,

25 vinyl benzoyl chloride, and the |ike, produce a polyethylene polyol having
one or nor eparecuiarlyalsefubaqmﬁmbsllwooe-somﬂn@ggﬁwwr&mﬁhemveothnhe

pol yet hyl ene [ urea or

Got or gy oups s icon Aeimiig Hiribthe il bE Breihtly AsS T EBO L, 1 Car bonat e
(r)]rdw nKII caoéltfaéwuennlmormdsre pﬂefambwdemsuga abBattsso dgsmost, 070, 2;50 t2he ]
ydrophilic oxazpl one, non rs sclosed in U Pat. No. 4,91 77, the
di scl osures Brﬁ?ermg@bav@%r&gﬁwaﬁéﬁ herein by reference and pol ydextran
The prefegred additional hydrophilic nononers are N, N di nethyl acryl am de
(DMN), 2-hydroxyet hyl nethacrylate (HEMA), glycerol nethacrylate,

2- hydr oxyet hidydrophilicMendmats de, N-vi nyl pyrrolidone (NVP), 15

pol yet hyl enegl yc c acid and
conbi nati ons the?‘ggﬁgﬁwerﬁg%nﬁggﬁgpe@?%ﬁ%F%Eelrsgﬁtclﬁ\?énﬂon F’f?éf%ﬁ% bei ng

parti cul a][l yinpludé gmyl&;dir%pﬁdldln%mnwk; maedn@piupb:ce:comnemb lusa?lShyﬂmgetsg pr gsegt i n60
amount s of apout t o about wt no re out and about
5"and most PO eRBIE IGIOTIASR GO A0 R REC RO WRRIERE “Sui ¢ abl e
crossli nk@“hﬁr@gaﬁ%@?%ﬂﬁa%@u?ddﬂd)@r vnﬁ?lrgfi!odﬁ%'(}@mﬂﬁﬂ{yyebefdé@&t i onal groups.

The crosslinker ‘may hydrophilic or ophobic and in
enbodi ment s Exarpies @fraégwmal .hmr@nbllworﬁomﬁwa a&N&dlwﬁw&ﬁmlam@eand

hyd hobi hyd I ith
ot ovedopt £ 1poKeMYFBNIG i SiRploPBbrhenatrtie Enputok il T OPC ) ™
Exanpl es o:‘ mathaerlylgmidwdolwih'yllehegImobsemdrmtbacrylatecmatﬂlecnymrp@dmds Pavi tng twlo
or nore po riza uncti ona
15 groupg sﬁ '55305”% yﬂ&rroqgﬁq%gf\gﬁﬁﬂrggﬁxmcetﬁnﬁep exanpl es

i ncl ude TEGI&témleé NeinfyN-ethgbopraarhideli Neginiidemmydmite and a'drﬁlﬁﬂﬂ%ns

(triethyl en,ﬁ% \ée g di et hacryl ate), ethyl enegl ycol dinethacyl ate (EGDVA),
et hyl enedi am"REPOHi net hyacryl ani de, gl ycerol dinmethacrylate and conbinations

t hereof Exanpl es agfdedihed édﬂﬂoﬁah%?dfﬁhmel?ddhoﬁlé%srﬁéhﬂbhéd abavec! ude 20
mul tifunctional hydroxyl-functionalized silicone cont ai ni ng nonomner,

mul ti f unct i oPRlyoxgethyleneeqlyqle handngrenersyimgare @ktaﬁéermm% Rydrexyd Otaues s |

replaced with a functional group containing a polymerizable double bond may
20 be used. Examples include polyethylene glycol, as disclosed in US
5,484,863, ethoxylated alkyl glucoside, as disclosed in US 5,690,953, US
5,304,584,and ethoxylated bispheno! A, as disclosed in US5,565,539, reacted
with one or more molar equivalents of an end-capping group such as
isocyanatoethyl methacrylate, methacrylic anhydride, methacryloyl chloride,
25  vinylbenzoyl chloride, and the like, produce a polyethylene polyol having one
or more terminal polymerizable olefinic groups bonded to the polyethylene
polyol through linking moieties such as carbamate, urea or ester groups.
Still further examples include the hydrophilic vinyl carbonate or vinyl
carbamate monomers disclosed in U.S. Pat. Nos. 5,070,215, the hydrophilic
30 oxazolone monomers disclosed in U.S. Pat. No. 4,910,277, the disclosures of
which are incorporated herein by reference and polydextran.
The preferred additional hydrophilic monomers are N,N-
dimethylacrylamide (DMA), 2-hydroxyethyl methacrylate (HEMA), glycerol
methacrylate, 2-hydroxyethyl methacrylamide, N-vinylpyrrolidone (NVP),
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conbi nati ons thereof and the like. Specific hydrophobic crosslinkers include

acryl oxypropyl term nated pol ydi net hyl sil oxane (n= 10 or 20) (acPDWVb),

hydr oxyl acryl ate functionalized sil oxane macroner, nethacryl oxypropyl 25

term nated PDVS, butanedi ol di net hacryl ate, .divinyl benzene, 1, 3-bis(3-
efgRtyjc avidiqeayis aed

met hacryl OXPB'VB'W'F??@Y%E\%?WFWW Al SRedA7d ni xt ures

thereof . PE%&héﬁ&sgﬁé}?Ef, witk Bydropinie! st mErSEbMpridiig DA RFOVE and

conbi nations thereof. e anount’ of hydrophilic crosslinker used is

gener al | y apatticulerly prefestedy tAdgditiaral Hydrophilicampremers may\berpresankidout 0.5 to about
2 weight % f r | | ' t O to about
5 wei ght %Q%Pﬁﬁ%égﬁmﬂg‘ P%P?\'gttm\%ﬂyﬂggﬁgﬁéﬁgﬁ%nﬁs%?g@g?blabout 0.01 to
about 0.2 mand mlogtpreferatsly of/aboabthandeift weightfef er abl y about 0.02 to about 0.1
and nore preferably 0.03 to about 0.6 mmle/gm 16 Increasing the |evel of
crosslinker in the final polynmer has been found to reduce the amount of
haze. Howeveressfitkeps 0SS! i nker concentration increases above about 0.15

mrol e/ gm react 1 ve conponents nodul us increases above generally desired

| evel s (greater Suitahlezasesslinkess greicompaungs withrfwg or mere:pelyeetizablevent i on t he

crossl i nker f&@ﬁ&#&?hé&uﬁé‘. FHE cREGH rn%aé; %ﬁ)@ﬁpﬂﬁchph%og%\gbg:%\? i oss! i nker

concentrati on €action m xtur etween a and about 0.1
mol es/ dfh csoms lemblodimentsiefithé preaént swentionemiktiresrof hgidiophiticeand whi ch ar e

general ly kpo in.the art may al be .incl uded. Additives jnclude but are
not lim ted%’%ﬂ'l’%’%‘”?%’f’&?rs hi%a %ﬁ?@g?'ﬁ’i%r‘a PE°dfF%cﬁﬂt?aee g’ﬁfﬁo %‘G%r, reactive
tints, anti whyrowsy @éticél@@ﬂﬁﬂd@ce@hm%%ombtw(werSﬁTmn lepspase agents,
conbi nati ons thereof and the || Addi ti onal conponents_ include other

) i ke. \ , .
oxygen per m;Eé?ﬂ‘BleéGﬁﬁﬂﬁémwd’@h@%"@%s"ebﬁ"ﬁm? g CoBROYRGSaVing MR cont ai ni ng
nononers an | ; Lfah dail I i yn the art and
I ncl ude fl ugF %%ﬂdéﬂﬁ%r;# g?rfla?]dgﬁb'?ﬂgﬁ?g:% v?ez;%s@ag%gm%o@gmsh&ci fically
i ncl ude,15f ogroypaspcheas palyetber; amide ohhygrexyhgroups. GIpecificieyamples er s of

2122 2 3 MGUBRTECUIAR @RadndercqutAidihuinadiibley, TEGBYA 25T V! 21 €
3, 4, 4, 4- hep{(taéthylenediydol dimetheichy)ade)r sthyenegly2ol]iBeBadyldte SEGDMAS, 7, 7, 8, 8, 8-
Pexadecar | uBPORBRYPM RS RaRoR e e drerhactipean o " 0 0 0
combinations thereof Examples of suitable hydrophobic crosslinkers include
20 multifunctional hydroxyl-functionalized silicone containing monomer,
multifunctional polyether-polydimethylsiloxane block copolymers,
. combinations thereof and the like. Specific hydrophobic crosslinkers include
acryloxypropy! terminated polydimethylsiloxane (n= 10 or 20) (acPDMS),
hydroxylacrylate functionalized siloxane macromer, methacryloxypropyl
25 terminated PDMS, butanediol dimethacrylate, divinyl benzene, 1,3-bis(3-
methacryloxypropy!)tetrakis(trimethylsiloxy) disiloxane and mixtures thereof.
Preferred crosslinkers include TEGDMA, EGDMA, acPDMS and combinations
thereof. The amount of hydrophilic crosslinker used is generally about 0 to
about 2 weight% and preferably from about 0.5 to about 2 weight % and the
30 amount of hydrophobic crosslinker is about 0 to about 5 weight %, which can
alternatively be referred to in mol% of about 0.01 to about 0.2 mmole/gm
reactive components, preferably about 0.02 to about 0.1 and more preferably
0.03 to about 0.6 mmole/gm.
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The reaction conponents (hydroxyl-functionalized silicone containing
nmononmer, hydrophilic polynmer, crosslinker(s) and other conponents) are 25
generally m xed and reacted in the absence of water and optionally, in the
presence of at |east one diluent to forma reaction mxture. The type and
anount of di | uenincreastngdheslevediof eresslinkerdn fhedipelpalymerd@sbren fousdl t ant  pol yrer

and articl g, Jhae W@p@%ﬂ%ﬁgpap{?b}ewr ?g crb mﬁér%ﬁh}:éﬁé{i&{ e may be inproved

by selecting felativ hobi'c uents an Creasing the
concentr at i omcréfsesfabdvé abmt 0,15 aunolégnieactive centparientemodulos easi ng t he

hydr ophobi ci.ty of the diluent may al so allow pogrl 0 | bl e conponents
(as measur ed"%?a§eﬁ@ 0\5%9&55{?%'%"??'{‘%}3 l?@? ar aéer\é\féé)npwgéeg}?m@dpm a

conpat i blse pRé prEBEntanéntir thelchosslinkierEdtagositioh ahd@malLhtieséledtesoes nor e

hydr ophobi ¢, processing steps necessary to replace the diluent with water

wi |1 requi r Previde a sossinkersopeenteatiary indhe egactionmixivse ef betweensabiesy undesi rabl y
i Nncr ease theb GP?EH %BQURFWO@Q% c?é]ssliﬁl@? manuf acturing process. Thus, it is
ect a diluen iC )

i nportant to se provi des the desired conpatibility to
t he conponent s wAdditiornatcoremarestsroy additieds, wbich precganesslip gnavemindimé ence. Di | uent s

useful in prepari he vices .of this Lnvention jnclude ethers, esters,
al kanes, aFla/r{)mﬁ%lglgﬂbg ,'ncg’:a%fngéq't'va?ﬁi"&%‘éqe%ug?r(%}?&)'"g't t8 u(':tBaﬁ)B?lﬁgt I ons thereof.
Am des angd @ib@@ibﬁig&o&rfp@urwﬁrﬂrm@%meij reli€tive Sints pardinsigrobiaiccdmpoands, terti ary

efe

al cohol s are nost pr rred al cohol diluents. Exanples of ethers useful as
fagd e

di luents forP'aTRENIs.iAROLRRIOBYE. Teisasgrgentsetamiifalipes thetso KByl ene gl ycol
met hyl ether, di R&@if?é(ﬁaﬁ*f)cﬁ-n néRtlin Mher@yﬁd&’rme%l@%rﬁﬁ@eﬂwco' n-butyl
e glycol n-butyl ether, di 0

et her, diethylen . , diethylene l'yc nmet hyl et her,
et hyl ene gl ys&ieh ap harhpn-carbpe tripleghramgydoptaining mergmergand fluorisgher , propyl ene
gl ycol meth e - di : et her acetate,
pr opyl ene g?@%gﬁrﬁ@@g@?& g‘thﬁ:gral,% i pr@ﬁ&%\%gﬁ 'Q%J]%qoﬁ'rﬁ%pyl et her,

t ri pr opylibeneogtajrning (nmetipacrylatest drek moner spegificatie inglude dfor example;| et her,

di propyl ene 215 .ql ycql. n- | _ether, tri l.ene ,al vcol , g,butyl ether,

ot bpy ! ane. o yRETe-5idripN Catirea Bl Piibis g REABRE BT Sohes 2 221 her

B et ot s UL e o e R B acetate.
0 ,
anyl acetat @;de?vﬂvﬁi“"l‘%ﬂaf’@,t’”%‘k(Hiﬂth)ﬁ%!l_??ﬁ 3%3346150%&%-4 agp&e. Exanpl es of
al kyl hal i degnisaeéatiupfsee l‘(l‘ﬂé%é&ylf%&lf, 2128 34 ubvegbi70ng 8@ d-ncl ude nethyl ene

chloride. Exanples of sifanes useful as diluents for this invention include
oct aret Pl chexadecafiugrpnanyk(meth)acrylate and the like

Diluents
The reaction components (hydroxyl-functionalized silicone containing
monomer, hydrophilic polymer, crosslinker(s) and other components) are
25 generally mixed and reacted in the absence of water and optidnally, in the
presence of at least one diluent to form a reaction mixture. The type and
amount of diluent used also effects the properties of the resultant polymer and
article. The haze and wettability of the final article may be improved by
selecting relatively hydrophobic diluents and/or decreasing the concentration
30 of diluent used. As discussed above, increasing the hydrophobicity of the
diluent may also allow poorty compatible components (as measured by the
compatibility test) to be processed to form a compatible polymer and article.
However, as the diluent becomes more hydrophobic, processing steps

necessary to replace the diluent with water will require the use of solvents
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Exanpl es of al cohols useful as diluents for this invention include those
having the formula 25 R G OH | R' wherein R Rand R' are independently
selected fromH, a linear, branched or cyclic nonoval ent alkyl having 1 to

10 carbons whjch may optlonally be ubstituted with one or re groups
i ncl udi ng haPtBefhan walehefRis mayiupdesira Wﬂ%easgéh%ﬁqrng}gXItyaq:ppgggtn?a| kenes,

al kynes, ‘car fighighifaciihd procks Osit SIS Rpscledt i whicnt he | ke, or any

two or all three o can together bond to formone or nore
cyclic strucpravides thedesireaiscompa}tbmwammg:ompomr@ with hernecessaphlevetay al so be

substituted than 5 one of

RtJF\’ olr F\’l'Ji S’ F@%@c‘éﬁ%n@?@%&b@gﬂ Wal{emﬁ J&Ej&i‘é%ﬁé@?mé:&? %gcgggﬁ Bt | y sel ected

f7 romg or5 uneednedi int:mtieétﬂe;crﬂ@ateés bLkaneQeﬂylWalndqmbilme&J eih}ftie'r.groupgI ha?n ng 1to
car bons. nore preferr t ' are independent

sel ect ed for?+?° f?ﬁl r'{%maéa"ﬂ S k@ﬁ&ﬁé%ﬁ"’&i‘”%?@lﬂ'ﬁfeﬁ? ylo groupsyhaw ng

| to 7 car b%ﬁenth%n@%e@@ﬁdaﬂBn@fé?lmyﬂﬁéﬁdﬁsaré%spg@?eﬁfe@%oﬁbﬂ uent has 4 or

nore, nore preferably 5 nore total carbons ecause the hi gher nol ecul ar
wei ght di | uedilugntaaksamples.ef ethersauseful @g;d'luamflfqrdb\setnvpnteqma@udq ty. Wien one of

the R, Rand Wh f
the R R anarelviictehy WoroplieHe bicdl riefEn, Sraite anBotidfi ™ 7e, (Tary”
al cohol s1(@r eether ethyleﬁ glyccﬂch mﬁyltehmm cmmyhméag’lycohh-botybétber El'bmyténbuent s are

f bl di bl t t ot al mb f
Car bone i 4 1917 BRWLEES: oiyifis SBed 5Renu Bnel. réyBa SO EBHol s i ncl ude
2- but anol , %tﬁéﬂﬂ@ﬁﬂéne @I?EBI IAdthyl ethet é&k@t@fuiﬁrop)ﬁé/rfé glwhemyl ethérd

exonorborneol 2- pent an 3- pentanol, 2-hexanol, 3-hexanol,
3- net hyl - 2- biﬁeéﬁi%lpmplquépﬂl)@ﬁb'l‘ Proﬁ’y'(ﬁf’ﬂq{n‘BPmpﬁe"eZEY%HMY' ethefiecanol |

3-octanol , B#b? &?félyco?ﬂcbtﬁﬁ%tﬂek ";ﬁ?py@ﬁ@@'@l:@l% -Qtyl ﬁ@r%péﬁﬂédé‘ry al cohol s

I ncl ude tert tert- ohol 2- pent anol

2, 3-di me‘tfhyl lewawwtheGlﬂmmne@ bty lether prmlefsel alycol Mhnol
2 et 2 A Bhomikgk i by $08F E50Obyis e GULGE Sty 2 pr opanol
glycols and mixtures thereof Examples of esters useful for this invention
include ethyl acetate, butyl acetate, amy! acetate, methyl lactate, ethyl lactate,
i-propyl lactate. Examples of alkyl halides useful as diluents for this invention
20 include methylene chloride. Examples of silanes useful as diluents for this
invention include octamethylcyclotetrasiloxane.
Examples of alcohols useful as diluents for this invention include those
having the formula

T

R——C——O0H

Rll
wherein R, R’ and R" are independently selected from H, a linear, branched or

25

cyclic monovalent alkyl having 1 to 10 carbons which may optionally be
substituted with one or more groups including halogens, ethers, esters, aryls,
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25 nonanol, 2-nethyl -2-decanol, 3-nethyl-3-hexanol, 3-nethyl-3-heptanol, 4-
nmet hyl - 4- hept anol , 3-net hyl - 3-octanol, 4-nethyl-4-octanol, 3-nethyl-3-
nonanol , 4-nethyl -4-nonanol, 3-nethyl-3-octanol, 3-ethyl-3-hexanol,

3- neht |- 3-h |, 4-eth hept | 4- |
4- imssop)r/opyl e’ﬁ"e”??’ﬁﬂ&? alkGege ﬂ“yﬁﬁfeptﬁ?%%quﬁze?ﬁ‘g@&hq ﬁ@?ﬁﬁ%ﬁm opent anol ,

1-et hyl cycl eRReesahe like, %Qaﬁ}tmo'dwltm@@amr%ndﬁ"aarﬂfogémeabmtt@yl 1-but ene,
4- hydr oxy- 4- met hyl - 1- cycl opentanol, 2-p ?‘/ﬂﬁ 2- pr opanol

2- met hoxy- 2f¢mw|ormq5ecwn@trqursszusuchuamﬁw virg- let@ gargpns which

3, 7-di net hyl - 3- ttﬂané?{ | - 2- pr opanol
and 3-ethyl - pégéri?t ano b,smzaifr?ggtgn%gt Flg?(ég%qgmk tggﬁgﬁfét}é’}%%‘é md?@%ﬁq xtures of two
or nore 6f bheo&B,(ﬂ'e)fIR"sﬂldd al cohols or two or nore al cohols according to

t he structure t he dilue ke he polyner of this
i nventi on. '@éPEGi?'FF@H%@%ﬁ@HP? a{%’Qdﬂ%‘PgPtﬂéﬁ eé:fegiﬁ h 'l uents are
secondary a'ﬂﬁsutﬁ.tnb%ﬁthhééryb@n@l‘iﬁ%r&‘cyﬂﬁ\élkw%@bpé Ra\itg ﬂt@é@'ﬁéﬁs lffhe nore
preferred al cohol diluents include tert-butanol, tert-anyl alcohol,

2-but anol , i Meteprelened it BnBl and R” stedndapengently splectgd dorm
3-met hyl - Hﬁgﬁb%gﬁg{eglhﬁeﬁl Béé'ncﬁbdﬁﬁe’?:;'giﬁalkyl ﬁrgﬂgghé\ﬁﬁd‘y lo7 éarPGﬁsa?rgl Presently,

the nost preterr uehts are anol ocCt ano nonanol ,
cl ecanoli0 t eettaibembodimeotshthie, prefemed Wmmhpedtoamte, mos@predgrablpb, t anyl

| cohol h ,
3, 7o di met ﬁ;PY%‘%"‘%Péﬁ 'b°”5d%’ﬁé“ﬁ§/| Ceftﬁé’?#ém%%“%@%ﬁ&hﬁé' R hayg de, dinethyl
propl onam dR)wéNvﬂBﬁthand fower famAiabllitye Vensh m@@fmeea R ey erfis HAeEI ti onal

di l uents usef ul r this inyventjon re di scl U nt 6, 020, 445,
which is |n§EV‘i$'JPg‘f'EI§ W@P‘X?%?'Cﬁ@' g\‘h@f‘é}%@ @qsrﬁgaﬁe nt of the

present Invmetst@.emw@nﬁslau@ﬂérylarconat Tertiaf) éieérms @r& nWré’Si%?é“rké&g condi tions and
readi | y washed out of the lenS with water in a short period of tine.

Sui t abl é5vvath§|n seepndary2lepholse nfthe dilients aee prefesabhoirgrt and easdiyanol |
1- net hyl - @g%y thyI 20 et her,
| sopr opanol o) s ?B I!1e ?)}\5 pyr ré'} gﬁé’ nl‘hﬁﬁgf’&fwl %rﬁ‘é%@'glra\am de, ethyl
| actate, dipr cﬁxylmplee ofjusefd|secartdan alemhmlsrmclude&-butaaolt berapaﬁoland the like. The
use of a water Iedlluen aIIo ost | di n racess to be
conduct ed umeﬁﬁ‘%}’@ he(’)(ﬁw 9F °Bﬁ"Lf é ?Jﬁ'@%w{}ﬂﬁ%@'rgfi se water as a
substanti al pestamsBhéxanol, 3-hexanol, 3-methyl-2-butanol, 2-heptanol, 2-octanol, 2-

20 nonanol, 2-decanol, 3-octanol, norborneol, and the like.

Examples of useful tertiary alcohols include tert-butanol, tert-amyl,
alcohol, 2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-methyl-3-pentanol, 1-
methylcyclohexanol, 2-methyl~2-hexénol, 3,7-dimethyl-3-octanol, 1-chloro-2-
methyl-2-propanol, 2-methyl-2-heptanol, 2-methyl-2-octanol, 2-2-methyl-2-

25 nonanol, 2-methyl-2-decanol, 3-methyl-3-hexanol, 3-methyl-3-heptanol, 4-
methyl-4-heptanol, 3-methyl-3-octanol, 4-methyl-4-octanol, 3-methyl-3-
nonanol, 4-methyi-4-nonanol, 3-methyi-3-octanol, 3-ethyl-3-hexanol, 3-mehtyi-
3-heptanol, 4-ethyl-4-heptanol, 4-propyl-4-heptanol, 4-isopropyi-4-heptanol,
2,4-dimethyl-2-pentanol, 1-methylcyclopentanol, 1-ethylcyclopentanol, 1-

30 ethylcyclopentanol, 3-hydroxy-3-methyl-1-butene, 4-hydroxy-4-methyl-1-
cyclopentanol, 2-phenyl-2-propanol, 2-methoxy-2-methyl-2-propanol 2,3,4-
trimethyl-3-pentanol, 3,7-dimethyl-3-octanol, 2-phenyl-2-butanol, 2-methyl-1-
phenyl-2-propanol and 3-ethyl-3-pentanol, and the like.
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25 In one enbodi nent, the anount of diluent is generally | ess than about 50
wei ght % of the reaction m xture and preferably | ess than about 40% and
nore preferably between about 10 and about 30% The diluent may al so

conpri se additional conponents such as release agents. Suitable rel ease
agents are wat &rsingls aleehol arfpixyes of dwo @h@o'@éﬁm&ﬂb‘ﬁ’g listed@lcphels 96| ymeri zation

initiators '%‘&%? SRBRSL'Y Slgtg@tﬁesst} ’%%F‘%%&%ﬁ?@%ﬁ@% per oxi de,

i sopropyl percar bonate azo utyroni t hat generate
free radi cal diluant taquealneepqumermfmlsanvemnper atures, and phot oinitiator

systens such a aromat I .C X t one KOoxyox i ns,

acet ophenones, ﬁh‘f?y %o&ﬁpﬁﬂ?é@ﬁlﬁg@ r\égﬁﬁzoﬁ&t@p?ntg 54%8%%'}2@" lus a

di ket one, 5 ni mhlﬁyeﬂcdﬂwmfngm!éa‘BMCérbdm% 11hb|mt$rbrp©éfehr@d QW' es of

phot oi ni ti at ors are 1-hydroxycycl ohexyl hengl)taket one, hydr oxy- 2- met hyl - | -

pheny! - pr opafiuenig ipgciuds ter-butgnel; teaamyk 35 20'42memw Awen @nelent yI

phosphi ne ox _@36, At | t )hosphi neoxi de
(I'rgacure 81%,)§%r§ 47 6- tﬂ"ﬁ'&%?@@ B‘f'g ea%tweﬁﬁ%@%%‘?' ?eﬁgﬁ%w

2,4,6-tri net&ybtlaemizyoyl di phenyl phosphi ne oxi de, benzoin nethyl ester and a

conbi nati on of c n | 4- ' hyl,am benzoat e.

Comrercially ava?@%ﬁwwesrggﬁéﬂ}gﬁﬁim?ﬁﬁpéiag%&angbggétﬁ%&i(geé%}ﬁ%ie | rgacure

glg ISr gwulr?onhﬁ&OdedanglathmnilaholI3—gl$g1yr@-p&ﬂﬁnoll@oﬂ)rbgmlrteﬂ%'%? (al :BAfSIr:;)m
a eci a e uci rinp vai |l able from

Cormercr:)l al | y2 'é‘mﬂ egﬁﬁ?gc@{? glyt'iaﬁ'ﬁ € GP'OP 'ﬁ%ﬁﬁﬁ-d"ﬁﬁf’ éﬂ‘?ci 3 and Darocur

2959 (Ciba Sﬂﬁ‘létr@l fobfn&ﬁi@énd?tﬂéfﬁill ac@ﬁmldé“kﬂnhe%ﬁﬁrprdp‘ionaﬁﬁ@mﬂeﬁ\he reaction

m xture in effective amounts to initiate opol yneri zati onh of the

reaction mi xRyifodidineneyand mixtyresdhergef. ddditienal dlbtﬁnts tzse fosdhvis inventioRei ght per 100
parts of rea&’e'dYs%o@&‘i?\'Wé Batﬁ’ﬁﬂéfdiﬁm%h@@|sﬂﬁc6r8&atéﬁ%?{)h gp mxture can be

initiated using the appropriate choice o or Vi sl or ultraviolet
| ight or1®t hleferenmns depending on the polynerization initiator used.

prernatively, LT hpRRERN o e BAF it Mt SUghBbat o 5t
20 initiat oratipssocesgﬁ@bcmtongan@feaﬂﬂmmumy@ﬂtn@m;lwutphmerlm et one and
A C TR R A N R v
?Ff; acg{ gf er prépariob, 10ingthyl-2pepandl, TRintyY hlestivt, AtiprbpRErnylyéh fefyl neoxi de
20 ether, isopropanol, 1-methyl-2-pyrrolidone, N,N-dimethylpropionamide, ethyl
lactate, dipropylene glycol methyl ether, mixtures thereof and the like. The
use of a water soluble diluent allows thé post molding process to be
conducted using water only or agueous solutions which comprise water as a
substantial component.
25 In one embodiment, the amount of diluent is generally less than about
50 weight % of the reaction mixture and preferably less than about 40% and
more preferably between about 10 and about 30%.
The diluent may also comprise additional components such as release
agents. Suitable release agents are water soluble and aid in lens deblocking.
30 The polymerization initiators includes compounds such as lauryl
peroxide, benzoyl peroxide, isopropy! percarbonate, azobisisobutyronitrile,
and the like, that generate free radicals at moderately elevated temperatures,
and photoinitiator systems such as aromatic alpha-hydroxy ketones,

alkoxyoxybenzoins, acetophenones, acyl phosphine oxides, and a tertiary
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819(r)). 25 The invention further conprises, consists and consists
essentially of a silicone hydrogel, bionedical device, ophthal mc device
and contact | enses of the formul ae shown bel ow. W % conponents
HFSCVHMWAHPSCVHM 5- 901- 15, 3-15 or 5-1200,10-801-15, 3-15 or 5-1200

20-501- 15, 33Mige gluss diketones mixfures Herepf ard fhe like. Iysirgtive exagples of10- 0-70, 5-60

or 10- 4050 ;%f%uﬁ%at&é are’1- %?Q%Q%%bﬂaﬁggg%en?ﬂ@fbn@ 2-hfar8zylQ.metnp9-or 10- 21

4050 20-501- 3-15 70, 5-60 or 10- 4050 HFSCM

i s hydroxyl phmgltpropaﬂ-1 -pre] bis(2, Baiundh@wherazoui)ﬂgt-ﬁﬁmbylpemmp i s high

nmol ecul ar ing one cont ai ni ng nononer HM
Ve

i s hydrophi |¢'%gh%ﬁ%§’é$g@%ﬁp§g ercen e are based upon all

reacti ve Eorgrengiphssphinébide (Itdaeurpraas)eam G-mmmmeyldlprherQeS silicone
hydr ogel , vi ce_and contact | enses having

bi onedi.cal .devic Q h | m ¢
each of the RIGSPRAae 91"8‘?13”‘4 Zf‘@dt”ﬁ'\? hy{%ﬁgzyp&l enylphesphipe oxtdepes ni nety

possi bl e Cormﬁb.h 'n%i@l_eétéf‘ﬂﬁfa c&biRatidh &Bﬁnpﬁ&ﬁlﬂﬁ&we‘dn‘ateﬁﬁ&l agmve- i s prefaced
by the word "about 10 mbi nations are presented with

oregoi ng range
the proviso dlmamylanmq)bem@@iec&emmalb aVaﬂﬂble ‘dﬁ?ledilhh"ﬂltlainal conponent's add
up to 100 mﬁ@n@upcl@ fife’ ‘P;OOt f?&‘acﬁﬂfﬂop'en atukd §fg1€- cont ai ni ng

nononer s I oX I ona | cohe¥con and addi ti onal
sili conem:orlrgacunem@SOMHmmCﬂja $mecfaltp@herbmal$) and louchin TREO rittatqrer cent, nore

Lot abl Ryt SR R RS AL o0 2 10

about 80 wei
hydr oxy!l - f unDaro@utall72 88d Darocur 2959 (Ciba Specialty Chemicals). The initiator is

used in the reaction mixture in effective amounts to initiate
photopolymerization of the reaction mixture, e.g., from about 0.1 to about 2

15  parts by weight per 100 parts of reactive monomer. Polymerization of the
reaction mixture can be initiated using the appropriate choice of heat or visible
or ultraviolet light or other means depending on the polymerization initiator
used. Alternatively, initiation can be conducted without a photoinitiator using,
for example, e-beam. However, when a photoinitiator is used, the preferred

20 initiator is a combination of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide (DMBAPQ) , and
the preferred method of polymerization initiation is visible light. The most
preferred is bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide (Irgacure
819@®).

25 The invention further comprises, consists and consists essentially of a
silicone hydrogel, biomedical device, ophthalmic device and contact lenses of
the formulae shown below:

Wt% components

HFSCM HMWHP SCM HM

5-90 1-15,3-150r5-12 1 0 0

10-80 1-15,3-150r5-12 | 0 0

20-50 1-15,3-150r5-12 | 0 0

5-90 1-15, 3-15 or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-

40 50
10-80 1-15, 3-15 or 5-12 | 0-80, 5-60 or 10- | 0-70, 5-60 or 10-
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silicone-containing nononer is about 5 to about 90 wei ght percent,
preferably about 10 to about 80, and nost preferably about 20 to about 50
wei ght percent. A preferred range of hydrophilic nonomer is fromabout O to
about 20 70~weight percent —nore pref 5to-—about—60-wei ght
percent, a nnst rLLefp ava ahnuf )4 o _ahout 50 \E@%ﬁ;hj_ﬁge_dt of the
reactive cl@dffhents. Jﬂ'éﬁeﬂ‘ﬂéﬂl’fié?lq@ 89% 5180 1801 | T, &rBQ/i18ht| hydrophilic
pol ymer is| about 1 to aaout 15 wei ght4Bercent., noréJpreferably fabout 3 to
about 15 weHRBEM ichydeoryl-fuactibnaized silicaressoaldiningimonomér t o about 12 wei ght
percent. . AMMWHP ishighhroledutartweight bydropielicqmhinserar e based upon the total of
al | reactlvescmqgmmatgnte,nmgmimmd range of diluent is fromabout O to
about 70 weidMis hyarsphiietmondiiep Preferably about O to about 50 wei ght
percent, sand sti frhe {Rlght a&@ﬁ@&@hbﬁr%&% uBor il ARtV Hhpipkbast percent and

I n some enbodi nents, rmst preferably between about 10 and about 30 wei ght
percent, basewsupenaresentinveniien gaudes silicoperhiiteael, biemedieal dexicei ve mi xture. The
amount of di [ rel ative
amount s of 1R TAIMicBALE BRTokBicl RRsRIBHRE) dath Sk cbmpaUMEISR 1 1 LY
reactive cormmtablu, whmbrdpsu:nbes mﬁelprposabieicomaciihbnal ranges. Each ofthe

[2({? |t Pre!t hy| e Qﬂ%'&%ﬁ'}%i’%‘?k L?.“;ﬂ’d]sna:"zeﬁt){%‘!S%'&rST’Jﬂ ﬁ%ﬂ | Thedprggoingrang- (. 2g wgt . % of

the react orcofbiaBORAre JpreseRiad wih @ Wua@ﬂ@mbma@awbmumw»hﬁ t erm nat ed
nmono- n-butyl term nated pol ydi methyl'siloxane, "nmPDMS" (-31 %)

N, N- di net hyI3&5.‘&5raf’F"éliai’i'fi'!éomﬂwﬂﬂlQs qddupde A 09 weight¥oer oxyet hyl  met hacryate, " HEMA"
(oIGO/?/Vlt)n I te”gle;t géﬂré?@ﬁ! !( @gé g\}gsuémg'%\ét ?B@one-c-B ﬁ bbm?gonr%%é /&x)arprl si ng m nor
grmﬁnt syo!‘o ydumroxyv&mcmhmlmbm-camlmngan¢a@dlpm1aymng-&pmammgo i s rmgt

r ef er abl v’ the conbi ned
monomer s andra e bPnud 63 VeEEbeRaR o bl 1T0 e,
preferred erddoekightpescent)and emsttpraferablyrqhouez&te abou{B0 weighttgeaceat shown in the

0
-Sr?g\/ﬁ?,gggow'of ﬁ‘lwl reg%%%tor%p%rr\eentg r/? pre(t:erred ange c% h"‘@roxyl—funclﬂonahzed 15 Conponent W %

silicone-containing monomer is about 5 to about 90 weight percent, preferably
about 10 to about 80, and most preferably about 20 to about 50 weight
percent. A preferred range of hydrophilic monomer is from about 0 to about
20 70 weight percent, more preferably about 5 to about 60 weight percent, and
most preferably about 10 to about 50 weight percent of the reactive
components. A preferred range of high molecular weight hydrophilic polymer
is about 1 to about 15 weight percent, more preferably about 3 to about 15
weight percent, and most preferably about 5 to about 12 weight percent. . All
25 of the about weight percents are based upon the total of all reactive
components A preferred range of diluent is from about 0 to about 70 weight
percent, more preferably about 0 to about 50 weight percent, and still more
preferably about O to about 40 weight percent and in some embodiments,
most preferably between about 10 and about 30 weight percent, based upon
30 the weight all component in the reactive mixture. The amount of diluent
required varies depending on the nature and relative amounts of the reactive

components.
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nPDVS2318 DVA3131 HEMA7. 59 EGDMAO. 750. 8 PVP66 The pol yneri zations for the
above fornul ations are preferably conducted in the presence of

tert-anyl -al cohol as a di | uent conpri si ng about 29 wei ght percent of the
uncur ed reactio m xt H’B Pr octeﬁl;} The bi onedi cal , devi ces of the

i nvention are prBﬁaﬁrﬁﬁ"Bg/ Qdimgn WeﬁBWBB’Eﬁ CRBRRt hydrophilic

pol ymer, thQ-d?dﬁ@’n@?é%ch Qﬂﬁéthﬁn@hyd@@ -333- [1'333)Bﬂetﬁéi’|ﬁétﬁylmn9 nmononer, plus one

or nore of the foll ow n% he addi ti‘onal si |l i cone contai ni ng nonomers,

t he hydr ophl(trimethydsitghexy Isﬂpmyﬂnr_ep@xmgpxleastea CRIGMA" dodpwaleftef") . and the

ant vents . EBAShLRA rkhiefio ot fodo M hghFREb ARy’ M LT and curl ng
i Et 0 the5apmrmmaleumomdm+bgtybtprmmatedrpglydmﬁtt?ylsﬂgxamn‘dnilr;lbmsri keI Al ter gat ively,
the reaction m xture my be plac an subseguent |y cured into

t he appropr(“@f‘e(""ﬂ)tNNT etgylgﬁ'yliamfge p&ﬂg @é@%?g -hAeeRr processi ng the
reaction m 12 p i i iAAg spi ncasti ng
and static ﬁ{aeﬁa%ﬂ)g% %%Mﬁc St nZ:] t‘%r}\:&tehoyd‘% QQP%%PE@P?@E&G T‘@%P@A Pat. Nos.

I?; t408 Ngf29 a(1d151°,gw(2)gﬁblyﬁﬁﬁ‘glpy&ggb;mgawgﬂ_rﬁue‘t(~ﬂ‘?wtr)ewi(;lmtlrett?|aélcfdl scl osgd in US.

a S an e erre od fqr producing

cont act | enSY¥EPAINGHIRCF ?%‘PH’&SPE@‘?‘&YP ﬁ’BB‘Pm'PWF@rﬁ gRPBSrizatiopy t he nol di ng
of the gpli A fLEat I reci se control
over the flfﬁgﬁﬁstgﬁgrgﬁg% %Ud\ﬁj igrm;ft@gg&g%s %f)ur 2?%:@@?3? ‘g?he?he reaction

m xture i s pombised menomerssnd dﬁaentrb@ndh?é?sifra@byl&oqtmlﬂﬂmt desired silicone
hydrogel, i.e r I ture is

subj ect ed to conﬁ%ﬁhf\eo rse?%méd y%gﬁgeher{ga%iﬁér@@n% &?rée%zﬁpSéto t her eby
produce a pthogashdwh inthe Table belowe Aliramdunts @ arefacet byltke Wordal desi red
product. Thgn, this polymer/diluent mxture is treated with a solvent to .

renove the dioPHEnt and ultimately replace it with water, producing a
siliconggshydrogel having a final size and shape which are

Component Wit%
SIGMA - I
mPOMS | 23 18
DMA 31 31
HEMA 7.5 °
EGDMA 0.75 0.8
PVP 6 6

The polymerizations for the above formulations are preferably
conducted in the presence of tert-amyl-alcohol as a diluent comprising about
29 weight percent of the uncured reaction mixture.
20
' Processing
The biomedical devices of the invention are prepared by mixing the
high molecular weight hydrophilic polymer, the hydroxyl-functionalized
silicone-containing monomer, plus one or more of the following: the additional
25 silicone containing monomers, the hydrophilic monomers, the additives
(“reactive components”), and the diluents (“reaction mixture”), with a
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quite simlar to the size and shape of the original nolded pol yner/dil uent
20 article. This nethod can be used to formcontact |enses and is further
described in U S. Pat. Nos. 4,495,313; 4,680, 336; 4,889, 664; and 5, 039, 459,

I ncor por ate rein. by .referenc | . . ther f e of the
present i nv%??yiﬁl?ﬁ'z%?nim{?f%@ggscuﬁ?ﬁ &%Rq%’g"agsf%?hwggﬁoy'g%aé’l?&#‘%{ mul ations to
provi de enhanstedn pestsseglédtty. fotmedia the approprizsn shapedly Isthingosittingi ne for a
silicone hydrogel used to select, cure %ondl ti ons which provide a

.,y be U (
vet t abl e opraNddheike. Aernatively, tbe wagianimixiyre (nay be piaced ina maldandthe gel tine
Is the tine ' | ' network 30 is formed, resulting
In the vi scos?ll)?éy&gmtcﬂg%ﬂﬁ'hg%Fgggﬁgﬁﬂﬂekt ure approaching infinity and
t he reactd on nVarious provessesiang kmawn for piodessinigdhe esaction mixtuse inthe at a  specific

e used as. AU eehophBEPRFHE” PhyBng sBFas PR 2R RkE tRgac boen Tound
that, for a Spincastingarethodsiargididclosed intnS. Bal Nbs.re408M29Edused to 24 determ ne
cure conditions which inpart desirahle ttabilit Thys, in a process of

Ve
the present $680&15; @ staticecasting metiiedsre disclosed in U FabNo§r  above a  gel tine

that provid i t4eabiTh flbrirdeg Nt
wet tabi | tye"??:ﬁf%?ﬁ%“?é-;?ﬂf;z e B o e i 11

n
coati ng ¥ zopprising thetpolymerohthig inveniprishydhe molding of thepsilifoseabl y i npr oved

wettability e | \Y% | 1.C e of at | east
10% conpar eé‘l y@'&@‘*'ﬁ%’] '5??8’91‘%‘“ hg]ﬁ\hgé%%&gwn%cﬁ%gp%&g%ﬁ?' ﬂ|¢L)|ol ymer. Longer
gel times arshapgofehehydeatedderishdor hisomettied,ithe reactich mixturalsipladed imnd i ncr eased
processing flexibility. 10 ines wi|l..vary for different silicone

hvar ogel | TorpAnPYRG I shRe SEbR AnIERLeLAE e BgeI g WAe. For exanpl e

t he concent rgyoligHpdNmet! AfcbthetE&dtion Wittlreli§®afdctdPlo cohdifonsiwhekétisi ng
crosslinker concentrations decreases gel tinme. |Increasing the intensity of
the radi®® i dhe ppeemers aelymerizends thesebyrgduse atpalymarigilygnd mixtere in ther nal

pol yneri zat i AU AL fad i [ d5 selecting a
more effici esﬁtg BPT ?\fittﬁ]?gﬁgé%réai%r}ér‘% i'aylfaghhﬁ%mérfdgpggrﬁn I)it}%rietl%at or which
absor bs nor dreatedovithlasoivent togemeole theatiluent aad ullimately replagejt withl | al so decr ease

P T vy Bt o8p i sh SlioANeiryBos| e ot hef, 05 £0W, itk Ghic arg 1T et 0e!
quite similar to the size and shape of the original molded polymer/diluent
20 article. This method can be used to form contact lenses and is further
described in U.S. Pat. Nos. 4,495,313; 4,680,336; 4,889,664, and 5,039,459,
incorporated herein by reference. :

LCuring

25 Yet another feature of the present invention is a process for curing
silicone hydrogel formulations to provide enhanced wettability. It has been
found that the gel time for a silicone hydrogel may be used to select cure
conditions which provide a wettable ophthalmic device, and specifically a
contact lens. The gel time is the time at which a crosslinked polymer network

30 is formed, resulting in the viscosity of the curing reaction mixture approaching
infinity and the reaction mixture becoming non-fluid. The gel point occurs at a
specific degree of conversion, independent of reaction conditions, and
therefore can be used as an indicator of the rate of the reaction. It has been
found that, for a given reaction mixture, the gel time may be used to
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The m ninumgel tinme nmay be determ ned by selecting a given 20 fornul ation,
varyi ng one of the above factors and neasuring the gel tinme and contact
angles. The mininmumgel tinme is the point above which the resulting lens is
generally wettable. Below the mninumgel tinme the lens is generally not
wet t abl e. Fdeteemioe nurecionditiorns wmdnmmrtldpsmm whettability.sThus, & whi ch di spl ays

an advancin c cont ct ay l.ess .t han _ab referably | ess 25
than 70 and8%¥ ‘g‘rﬂéﬂ BESH y'“’leaﬁ‘g' ﬁwrﬁagl%'d?'x%'ﬁe '8? %% %ﬁ?i Iaens whi ch
di splays a gaarmémhmrbv.@@dqm#b\feumuamwlortrﬁor@rpréfeﬁab@rsufrhmm an ACUVUE(r)
| ens. Thus, thaose of skill in the art pr.eci at &Bt hat m ni num gel

poi nt as deleHad! 'tY fosthe rﬁs‘%ﬂg Pavicg to Qﬁg‘éed WE'RQ%Q hygfoghie ARatE 0At i on
stati stigal R {“miMeb| I{u’négl P?Qerlaﬂlyg@bﬁo% east Q%EEH“S usi ng

vi si bl e |gﬁt |rra Iation mni out 30 seconds,
pref erabl y decreasesio admmg&ynamm@ndtapt angleofred teash 1% eombparedde eat er t han
about 40 se ond%{lhav nd to ?92‘ @dvanta eous 25 The nol d containi ng

the reactio be&%ﬂ %Fu awe Sﬁ%f'@eﬁém ation, for

exanpl e el eputafaredtaeatﬁ@y ermaeIﬁnprwédonetwbmt;mrﬁj |h¢rgbée.d précessidgect r onagnet i c
radiation or particle radiation having a wavelength in the range of from

about 150 t BexiBYit 800 nm Preferably the radiation source is 5 UV or

vi si bl eqfi ght h i t 7 m Suitable
101 9 YdI Bfhe Mﬁ?gﬁ‘g@‘? uo%h @9 m#S6hs.” @drd

radi ati on sources inc arrps | ncandescent | anps,
mer cury vapeonditionp slso®ffectgehtimehtor axamplethe iconsentyatidneaf rassiinker absor bi ng

"< Conduct | MU EOpAAER e, s ST RERSSIAY chirbn B ebtentin o el b

l'ight or heﬁkieasin?tl@ehfe@fsmyrdifehbﬁﬂhﬂdm(fﬁn’ﬁhddpblynmizaﬁdrr)br source is selected
from UVA (about 3 about, 400 n W g ut 280-abouyt 315) or visible
| i ght (abou%emﬂﬂ’ﬁatw&t{%l‘heﬂﬂé' Rﬂ'W“e”é?t'q 'Eﬁg?)t?f'"'ﬁ'ﬁ'oﬁr(@f'ﬁépy preferred

enbodi nggt, séuea.ng%aﬁéfe%cmnﬁnwaear bnﬁ.laaﬁﬁén Soure, %Pﬁﬁirh’ﬁa‘?& wHig@pound, is cured
usi ng VISIb|e light and low intensity. As used herein the 15 term"| ow

i ntensity" Aksanks maresstropaly iibe saleeted inadiatioprange) will alspdacreasegel CV2 and
DLoLirT 5 YRS o BN 65F oAbt a M o O @it 1 > 1< T
ways understood by those of skill in the art.
The minimum gel time may be determined by selecting a given
20 formulation, varying one of the above factors and measuring the gel time and
contact angles. The minimum gel time is the point above which the resulting
lens is generally wettable. Below the minimum gel time the lens is generally
not wettable. For a contact lens “generally wettable” is a lens which displays
an advancing dynamic contact angle of less than about 80°, preferably less
25 than 70° and more preferably less than about 60° or a contact lens which
displays a tear film break up time eqﬁal to or better than an ACUVUE?® lens.
Thus, those of skill in the art will appreciate that minimum gel point as defined
herein may be a range, taking into consideration statistical experimental
* variability.
30 In certain embodiments using visible light irradiation minimum
gel times of at least about 30 seconds, preferably at least about 35 seconds,
and more preferably greater than about 40 seconds have been found to be

advantageous.
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about 1 and about 60 m nutes and still nore preferably between about 1 and
about 30 mnutes This slow, lowintensity cure is critical to providing 20
conpat i bl e opht hal m ¢ devi ces which display |lasting resistance to protein

deposition in vivo. The tenperature at which the reaction mxture is cured
is also' inportdhe mok!scdritmnmgathlpeemtion aixtereiimexposed tb iabiaing oabi ent t he haze

f th [.t. d T t £ £ i i q h
ol e 25 A PRI peliid SRERR ek RS oy HhbRlToh Lo, Fouo° "o
decr eased byelé’dtroh%ﬁétic ragiatidn cﬂ'(b%'@% radiatieH Klifgta waldlérgtivin thée sane

conposition nmade at 250C. _Thus, suitable cure tenperatures include those
great er t harfapgfefifropsakout 159 teraboyhsap eroE@fqreblM@@]raa@&m SQUIERISand 700C and

ror e pr efer bl b GBRBSan kNG ARRHbY oo 1906y T o oci se st of cure

condi ti ons enper ure y an epend upon the
conponent s o$uitkablasradlawmmuua:lesmhﬂetlbﬂlampsl,,ﬂum&shemtédmpemmandesceﬂrte t eachi ng

h thin th ki | |l tt
dot or m ne. - CHES. oY VeBs R and ALmighte TopmBosairress BT Sure zones. 26
The cure conglisbrib mg?dmb%hn@ﬁ‘.lm&eu%m@tcoh@o&% d&@hﬂpf&?as gejwork from the

reaction m xture he resulting polymer network is swollen with the diluent

and has t he blegkhewingiheondyringdimeans othendand K irragiation such @s byenses have been
cured thgy %ﬁblgﬁgﬂte& ﬁgé)' lﬁ%@&@ﬂeé éﬂ?%r ﬁgpt tﬁm'éiilatldﬁf gﬁ,tcgr%t ely, the

S|I|cone conponent’s ‘use e finished | enses
"sticky". andsetcterdifoom UVAc(atncht 8tse abowd00 hen),| WVB (atmuti280-aboeh 8¢%) can be

debl ocked (renD fr mol d half qr tool supporting the 10 | ens) using
a sol vent, chcY "%?agoagﬁo abBﬁ’tv‘g’h 3%%%‘} sﬁﬁ@ ﬂ'Lgﬁbodi ment of the
present Invep'réfeﬁedaﬁnbbm%ht meeé&bhm*t@réuhmwé%Wtabsd‘rﬁﬂ?ophl|'C pol ymer is
added to the reaction mxture, the reaction mxture is orned into the

desired artiMmPouRd;ieeLras usieg Wsibledigbtandowintensityy AaHsedprsedhe sol ut i on
conpri si {y, %J‘?t?ﬁ(?v?fdté"iﬁlulg E't!%sle%eﬁ@egﬁ?ﬁoﬁ@“fh%ﬁcﬁ\gtd%bdﬁtﬁ”al' amount 15 of
surfactant. The T.ow np ar wel

ner can be any pol yner
havi ng a st r®fam? eamisarefetably@atwemn @)ouﬁ (bamMméanaB rm&{ogﬁt Thelcyreer,  but with

P! o g Bt ot e BB SR BRERD Lo Py
about 1 and about 60 minutes and still more preferably between about 1 and
about 30 minutes This slow, low intensity cure is critical to providing

20 compatible ophthalmic devices which display lasting resistance to protein
deposition in vivo.

The temperature at which the reaction mixture is cured is also -
important. As the temperature is increased above ambient the haze of the’
resulting polymer decreases. Temperatures effective to reduce haze include

25 temperatures at which the haze for the resulting lens is decreased by at least
about 20% as compared to a lens of the same composition made at 25°C.
Thus, suitable cure temperatures include those greater than about 25°C,
preferably those between about 25°C and 70°C and more preferably those
between about 40°C and 70°C. The precise set of cure conditions

30 (temperature, intensity and time) will depend upon the components of lens
material selected and, with reference to the teaching herein, are within the
skill of one of ordinary skill in the art to determine. Cure may be conducted in
one or a muptiplicity of cure zones.
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assist in lens release fromthe nold. Suitable nolecular weights include
those 20 | ess than about 40,000 Daltons, preferably between |ess than about
20,000 Daltons. Those of skill in the art will appreciate that the
foregoing nol ecul ar weights are averages, and that sone anount of material

havi ng a nol ecul Bie cuetdditions eiberbd suffitienbd formy apolver aglerkiigmbe sui t abl e,
so long as the average mplecular weight is within the s&eqci_fied range.
Preferably therepeianmxiyis. J@GI'&?U"WGiFlj’,Y?“%BPW'SiSWOM‘@'& dilvenh wat er

sol ubl e pol ' iRol yet hyl ene gl ycols, and m xtures thereof
and nore préﬁgbgﬁﬁ? f%@f?ﬁ?‘ﬁ@lr%;@?ol | done, pol yet hyl ene glycols, poly 2

et hyl - 2- oxazoline (avail able from Polynmer Chem stry Innovations, Tuscon,

AZ), pol §|( rrgt Eﬁc'r(ixl ic acid), poly(l - lactic acid), polycaprol actam
a n

pol ycapr ol ycaprol actone diol, 30 polyvinyl alcohol,

pol y(2- hydr oxyet Afgr theslkses hal@besn cuped e arey/preferabty dinoved frisfhthe gl ycer ol
nmet hacryl ate), polfyéz- et hyl - 2- oxazol i ne), pol y(2-hydroxypropyl
met hacr yl at &pld. Jnfo @Bﬁ'hgnep?'iqoﬂ? ReMRENsRtsHsed I BieJensrfgmuHatias,

pol ymet hacr Yérﬁfé‘r R ﬁmsréd’féﬁ&s "y kg' &d c@‘ﬂﬂ:ltttﬂ?elééééefron? the 185 mBids 0! ecul ar

wei ght hydrophilic polynmer ma used In anbunts up to about 20 wt% nore
preferably Lenseswanbe debivcked freaimyed fromdingimaldchalf or Xl suppotingdble upon t he t ot al

wei ght the reactive c nents, itabl e rfactants include non-ionic
sur f act jﬁt qunﬁitﬁ’%'aﬂ %@‘%“éﬁgﬁﬁbésf an 8f9§ﬁ$°ﬁ8}‘)’8§‘r ig’gv,evg"ofpo?nﬁat i ons thereof and
the like. Eymisphiffenddf thaipresdnt tnventionl=1 tdasnérie lowenalebaulaf Weighgr) (1 Cl), DOE 120
(Arer chol / Uni on Car bi de e like. The surfactants may be used in

d and the |
amounts up f‘Y)d'QBmﬁpqm%éﬁ)?ddeﬁrt%ﬂ@rr%qt'?"HB’E‘W@eWedBQﬁS‘P" XS about 1500 ppm
and nore pr ﬂrﬁu’éamtdthe%kh‘tﬁ%hilé@,%hdl&ﬁ &B?ﬁﬁé&#n%{%@&%réﬁgﬁu 10 Suitable

rel ease agents are | ow nol ecul ar wei ght, include 1- nethyl-4-piperidone,
3- nor phol i n8olution gampsising cdloosistingeassemtiatly of and-qepsiatingsof @ smaliamaist ol f or nal |

oy a8 et et Jtraof ARkt AkGn o MiEBbiler Saheafly | ST oY o (1

reacti on ni polymeshavingsttuctuosvasrotfmedifara high mbleculabweightrpoymérj ¢ pol ymer may

Ry T e R O o e G, MR
wat er. Al copglyfner B%thRR{s%r fiadhdd Yorh tHeGer®y thdeHiétdtking ddRdifonssgeci fical |y
primary al ngscgtsin %rr}g rerlrgarsg fr%r%etﬁcle fn':o(l:da.1I él}{taglsecr)'rﬁ)orlgcwalr waeJig%?shigl:IthﬁMéé
20 less than about 40,000 Daltons, preferably between less than about 20,000
Dailtons. Those of skill in the art will appreciate that the foregoing molecular
weights are averages, and that some amount of material having a molecular
weight higher than the given averages may be suitable, so long as the
average molecular weight is within the specified range. Preferably the low
25 molecular weight polymer is selected from water soluble polyamides, lactams
and polyethylene glycols, and mixtures thereof and more preferably poly-
vinylpyrrolidone, polyethylene glycols, poly 2 ethyl-2-oxazoline (available from
Polymer Chemistry Innovations, Tuscon, AZ), poly(methacrylic acid), poly(1-
lactic acid), polycaprolactam, polycaprolactone, polycaprolactone diol,
30 polyvinyl alcohol, poly(2-hydroxyethyl methacrylate), poly(acrylic acid), poly(1-
glycerol methacrylate), poly(2-ethyl-2-oxazoline), poly(2-hydroxypropyl
methacrylate), poly(2-vinylpyridine N-oxide), polyacrylamide,
polymethacrylamide mixtures there of and the like.
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TPM DPM net hanol, ethanol, propanol and m xtures thereof being suitable
20 exanpl es. Suitabl e debl ocking tenperatures range from about anbient to
about 100C, preferably between about 70C and 95C, with hi gher tenperatures
provi di ng qui cker debl ocking tines. Agitation, such as by sonication, may
al so be used to dhelmemeledalal weighttydtophitis polgneemayrbansedkin@mpunts t he art, 25

such as vacuum nqQzzl| es y al so .be used to renove the |l enses fromthe

mol ds. Di | ueh® tq%ﬁ%&%ﬁq’f&wﬁ?rﬁ@% PP _S?MSF'?é O@érqqqga%f’we reaction
mi xture, thexs geybbidiupdnltidRial Weight 61eRé RdctVel ddiboRghtyent to remove the
diluent (if used), unreacted conponents, 0 byproducts, and the |like and

hydrate the pol yrfsitable sedaotantsiacgeiperyionic snrfeetanta incluging betaingsndi ng on t he
solubility c LSt o he sol vent

o a1y us SR BEs elrbhaond HEpBtHARE s SRR i 17, 0

i sopr opanol , sirRigtanisihdludeEYEERBGHCH), QIO t2{Amenthal/Unisa Ctbitiéeandof , or a

m xture of onpe or re such organic liquids wth ter |l owed by
extraction V\ﬁhFH'R%uﬂ‘E)e %Hfaéﬁa“(sdp eﬂl"b@'i“ﬁ‘él’!‘ts YBfq %”?199é80r ganic liquid may
al so be usedp@fersbly Péthesaliout 265h@EEbdut 580 b nd rRA®NleRFabIe back curve from
the lens), lenses may be briefly soaked (tinmes up to about” 30 m nutes, 5

preferably beetweemabau 100 pprasaad abaiit128@pPMnut es ni nutes) in the organic
liquid ofga m xtu g Qg bR rﬁ&gcu‘{?r%rigrh nlhel'ﬁclﬁd%el-pre' soak, the

' [
| ens may be further %{/egéréaltaeryg%ﬂ%iang aqueous  ext eta’c on sol vents. In sone
enbodi nent s, methyl-ppiperdane (3-popphetiso- 1,2 popamediol, tetrahydro-2Hspyjramdiol,t hat i s

dom nat el t f bl t th 909 ter, 10 f bl
o cator ¢ naroWssp e sTufhdod ebng cahaaayeen aifinehu AR 8% on B sCarum
chl ori de, SO@trﬁﬁ?d?@Qﬁ‘l—F}-lpbﬁrhidmoﬂéhﬁh 1JEBMdr3'§J§khy912h@jWid&fe. i sopr opanol .

Lenses are generally released fromthe nolds into this extraction solvent,
optional 'y with den$es madedjrors reastian mixties withaut lw melecuariweaighti on  sol vent

2"to aboly -1 3RoRniG sByRler 3 be RBI0DRAR A ekt SbhaTRIRAGR 0 o an be.
conduct ed atleast®naioeganjsrsoivent. 3uitabaordanicl seivienpts\anehydiephodic, betnper at ures i n
cxcess oL Pk et ot B BB B O P oI o (o
specifically primary alcohols and more specifically isopropyl alcohol, DPMA,
TPM, DPM, methanol, ethanol, propanol and mixtures thereof being suitable
20 examples. ‘
Suitable deblocking temperatures range from about ambient to about
100°C, preferably between about 70°C and 95°C, with higher temperatures
providing quicker deblocking times. Agitation, such as by sonication, may
also be used to decrease deblocking times. Other means known in the art,
25 such as vacuum nozzles may also be used to remove the lenses from the
molds.
Diluent replacement/hydration

Typically after curing the reaction mixture, the resulting polymer is
treated with a solvent to remove the diluent (if used), unreacted components,
30 byproducts, and the like and hydrate the polymer to form the hydrogel.
Alternatively, depending on the solubility characteristics of the hydrogel's
components, the solvent initially used can be an organic liquid such as
ethanol, methanol, isopropanol, TPM, DPM, PEGs, PPGs, glycerol, mixtures
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exanpl e containing sone release aid) and then transfer theminto another
(for 20 exanple the final packing solution), although it may al so be
possible to deblock the lenses into the sanme solution in which they are
packaged. The treatnent of lenses with this extraction solvent nay be
conduct ed f dhergofyer amixturefof bne nr mbresucB Orgasicdindids with anatert foflowkdys, preferably

aadi 1 onal - < Refor @t Cile PRI B E80pded s3flefcLE e Tl AL, o o ™
Sui t abl e surdischée e ase tprasisoaknOAftéralemiding rerndviny the bauk bures froet ai nes and
am ne oxides, Specific surfactants include TWEEN avail abl e from

80
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using a Ostep_d " et had he |

hydr ati on prrﬁ%yegév.ﬂ’nhgﬁ“déﬁ?%ug?%ﬁq"ifé\%e%%@ﬁ%%i@ée%%ve at | east two steps,
where a percent agresdrhe emmbedimentgethé preferfedpirocsed uses on ettaetion 29 The silicone
hydrogel s after hédr_ation of the &ol rreﬁrag prefergblg . congri se about 10 to
about 60 weiSgi¥enpBatispredpainately wa é%?fé lygreaterthan PO%wateloMaffout 55 wei ght
per cent t § ti kght percent

wat er of@hgdr?fgt?égw %lﬁ%h?{a@%ﬁtﬁ ﬁbegtgri' ﬁqg%ﬁlcﬁf ?‘gge A 'rl':ctﬂlrﬁ%ﬁ\é?h% details on the
met hods of pauchi@sisadiugidhiotidecsoriyay kajate boteacid.tDPMNERM, ethanol @f scl osed in U. S.

ncor por ai oqeioranet Eitdesbigenertrelisey AR e M5 e i " oS ent

i nventi on diexraetoh sohveat, bptidnally with stirdmyer & contioudusfigwiof the extractignt hout a
coating. Wen the bi (i)rredi cal ﬂ,evi ceis 10 arﬁ oghtE | mc dev?e, resi stance
to bi of oul i @‘Vﬁa&‘fﬁs Wﬁ%ﬁ?ﬁea 5,Profess 63N Biycanquctertg p&fatgrgf "ee deposits on
the | ensyglurdpbagt § iabst 29€! pr@férabcljy)frérﬁ Ab6 R0 880Ut @888, ‘Thi Piddeseposi ts”.

Lens surface deposits are neasured as follows: Lenses are put on human eyes

and eval uat €@ndecandededratplpvaledaiessyras, prrtigulasty waearusingi ng a slit 15 | anp.
During the kR0t de ' hae° ' I mes and the
| enses are %ﬁhgﬁ?gggf&gﬁ%:ﬁ\ﬁﬂgpggr@ftsgﬁgP*O?%B/E%?!@aﬁlﬁgé@é\g{en deposits and
back surf aceambientpaesstessr iitds pdasibie: toadetiobiathie lenses$ inde onepalgliangfoar e gr aded as

example containing some release aid) and then transfer them into another (for

20 example the final packing solution), although it may also be possible to
deblock the lenses into the same solution in which they are packaged. The
treatment of lenses with this extraction solvent may be conducted for a period
of from about 30 seconds to about 3 days, preferably between about 5 and
about 30 minutes. The selected hydration solution may additional comprise

25 small amounts of additives such as surfactants. Suitable surfactants include
non-ionic surfactants, such as betaines and amine oxides. Specific
surfactants include TWEEN 80 (available from Amerchol), DOE 120 (available
from Union Carbide), Pluronics, methyl cellulose, mixtures thereof and the like
and may be added in amounts between about 0.01 weight % and about 5

30 weight% % based upon total weight of hydration solution used.

in one embodiment the lenses may be hydrated using a “step down”
method, where the solvent is replaced in steps over the hydration process.
Suitable step down processes have at least two steps, where a percentage of
the solvent is replaced with water.
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being discrete (i.e. jelly bunps) or filny. Front surface deposits give a
bright reflection while back surface deposits do not, Deposits are
differentiated from 20 back surface trapped debris during a blink or a
push-up test. The deposits will nove while the back surface trapped debris

will remain stil |The$meorwdp@s¢ge§ aiﬁeehyctsatmézithwqiymere@reiqal@gor| es based upon
t he percent r.f about 1 %,

sl i ght (aboat%%lp?%gragg 1’?@‘9??”%‘?%'%%%@?““@@? {)gﬁé eré!gifoéunoderate (about
16% t 0 about2(o%boatsh weigktrperdent waﬁearanﬁﬁmdshpnefelbmylbbaﬁ%to dbdd% di f f er ence
between the categories is consjd red ipjcally signific The ophthal mc
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and nodulgis. défEiI%Q)n'tﬁe mms%«fi #auu@fh@smdwewérbgél%ﬁ@ét Iétﬁhe‘é%'ré ne in a clear
cell above 30 a black %round um natin om below with a fiber

optic |anp ad'smﬁedrlngeS ﬁﬁ-l‘r%bﬁ dﬁaﬁé335e‘h§g%§$4 andf@384p8uri ng an i nage
of the |ens | ra. The background-subtracted
scattered | |‘é’ﬁ1’§ﬁé%¥@oy |motr€ar§}eﬁ bgt??f\?e gganal yzed, by integrating over the
central 10 nmm of Théeunledmphtrmlmicaéwuctdmfrthe:pnepmterd/ehtnomd|spla)@(bxdelle|nter CSlI Thin

L @ which bj t t | t.h | t
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angl e or4g Dca%oﬁerﬁ%'deVncétregéﬁﬁceWﬁicﬁfo&hﬁF%ﬁ:ﬁlB&%éﬁu%ﬂ el ine, using a

W | hel ny bal ance he wetti rr]fg orce ween the | ens 'surface and borate
buf fered salMpRSUriag theaamaund ofisiriaee depssithen M lensduspathawearmrriod the sanpl e

Is being i rEFFeJh I out of the saline. The follow ng equation
is used F = CZS rrggiogaézllgig'é&pkagﬁiyp) 10 where F is the wetting force, y is

t he surface tensLems surface deposits ard measuted agioliews: hengesrarerputen of t he sanpl e

at the meniscus and 0O is the t act angl es
are obtai ne?“‘\"? ygsggﬂgmlga\ﬁéﬁﬁ?ﬁ@l@ tg?%ﬂ%ﬂﬁe’eg@aé\)i%&’%@g act angle
and recetd ndampnDafihg thedvaluafishine patient isasked to blmnsé\mralsmbfandm fromthe
portion of the wettin ment where the sa Is being i Mmersed into

exper
t he probe Il'arﬂﬁeéa’%ﬁﬁgt‘ﬂ@sﬁuﬁleg 'f‘l‘i’éde\'iéﬂﬂﬁgeﬁ%ngﬁ'é’&e" depasithandy; | east four
| enses of e%k%@%ﬁta‘pb@@d@ﬁr‘i’s rﬁé’rﬁ'éh&ﬁaé(%rfa?@deﬁdégiﬁﬂq%récfedré%oorted-

However, DCA is not always a good predictor o y on eye
being discrete (i.e. Jelly bumps) or filmy. Front surface deposits give a bright
reflection while back surface deposits do not. Deposits are differentiated from

20  back surface trapped debris during a blink or a push-up test. The deposits will
move while the back surface trapped debris will remain still. The deposits are
graded into five categories based upon the percentage of the lens surface
which is effected: none (< about 1%), slight (about 1 to about 5%), mild (about
6% to about 15%), moderate (about 16% to about 25%) and severe (greater

25 than about 25%). A 10% difference between the categories is considered
clinically significant. |

The ophthalmic devices of the present invention also display low haze,
good wettability and modulus.
Haze is measured by placing test lenses in saline in a clear cell above

30 a black background, illuminating from below with a fiber optic lamp at an angle
66° normal to the lens cell, and capturing an image of the lens from above
with a video camera. The background-subtracted scattered light imége is
quantitatively analyzed, by integrating over the central 10 mm of the lens, and
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The pre-lens tear filmnon-invasive break-up tine (PLTF-NBUT) is one 20
nmeasure of in vivo or "clinical" lens wettability. The PLTF-N BUT is
nmeasured wusing a slit lanmp and a circular fluorescent tearscope for
noni nvasi ve view ng of the tearfilm(K'eefer Tearscope Plus). The tine

el apsed bet iBemcampared to a Jerdionjer:6SlcthinLens whichds amirasiysebatihce of t he
first dark t surface of a contact |ens
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eyes 30 are int rimary gaze position. The push-up test is a gentle
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eare: 1 (ol EOARETEhuled s BHEE A0S, ThB e BEhas \Oed o Ceprabl @ 31

novenent),. 3 (optimal novenent), 4 (mniml, but acceptable novenent), 5
(insufficient, unaccept abl e novenent). The | enses of the present invention
di spl ay moduli of SAYP¢ashst ab&it 30= °B§|(F/2|5beerabl y between about 30 and

about Soupst . angndB HehBRDIofee?y RADUSE AN AOGOBR R TO PS!

Modul us I's nea by~ usi of "a constant 'of novenent

type tensil epi‘sﬂsetpdmmet@@ntHéESamiatmw@diemsws and ®isdheednitadt Baglei s | owered to
the initial gauge height. A suitable testing machine includes an Instron

model 1122, IAPigaYy. %@%s@ﬁ%&fﬁrﬂ btaingdfiemg déin%mw@ﬂms&%p?@n@!h 0.276 inch
rear” wi dth%aﬁcn@@bdtéﬁ@n%@%ﬁ&rec%ﬂ%féo%t@ct' }eoalﬁnb%nﬂi'rié e?r{t&ff grips and

el ongated at a constant rat strail I't breaks. The
initial gaudagledsigbthined fmmeihsammoreof(th@)iveam %aﬂph@tmin@tme sampler eak (Lf) are

o opor e € beifia PR 06 ALt lob BAP bbb e the valRaRIbR 3T T Bn oo
t he stress/ Heredh.nAdeast four lenséé of eaghicampositiorsare measpedandithe t hi s i nventi on

have 02 Dk val ues, bet|¥ve n about 40 and about 300 barrer, determ ned by the
pol ar ogr aphi®¥e8e{HEA"8%nses are positioned on the sensor then covered on

th il]ren gPioie;dS' de  Wbwéver, DEA NS Fo{RRRAYE a gbbe phediitioriof wettaliR@dnlege.an at nosphere of

The pre-lens tear film non-invasive break-up time (PLTF-NIBUT) is one

20 measure of in vivo or “clinical” lens wettability. The PLTF-NIBUT is measured
using a slit lamp and a circular fluorescent tearscope for noninvasive viewing
of the tearfilm (Kéeler Tearscope Plus). The time elapsed between the eye
opening after a blink and the appearance of the first dark spot within the tear
film on the front surface of a contact lens is recorded as PLTF-NIBUT. The

25 PLTF-NIBUT is measured 30-minutes after the lenses were placed on eye
and after one week. Three measurements are taken at each time interval and
were averaged into one reading. The PLTF-NIBUT is measured on both
eyes, beginning with the right eye and then the left eye.

Movement is measured using the “push up” test. The patient's eyes

30 are in the primary gaze position. The push-up testis a gentle digital push of
the lens upwards using the lower lid. The resistance of the lens to upward
movement is judged and graded according to the following scale: 1

(excessive, unacceptable movement), 2 (moderate, but acceptable
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2.1% 02. The oxygen that diffuses through the lens is nmeasured using a 20
pol ar ogr aphi ¢ oxygen sensor consisting of a 4 nmdianmeter gold cathode and
a silver ring anode. The reference values are those neasured on

commercially avail abl e contact |enses USImeg this method. Bal afilcon A | enses
avai | abl e froeveantk B (sptimarmoyernenth 4rtwwinimad fauh acesptabigmoyxemerd), Bar r er .

Etafil con Ieg&gmc§%§r§cc§§%§w&;@% f 20 to 25 barrer. (1 barrer = 10.10
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XRL140A sens V'“giaségg%ﬂ}cgllqngﬁ'%%g cgkze%/v@ 8%63 Qﬁﬁl’?che '%‘e t enper at ur e
i's contreb! ed |gidednto 91e]gri§s afd &@hgmmwmta% b’até ofmrau%f 4iAgnife- gassed
reactive mxture is placed on the |ower plate of the 5 rheoneter, the 25 nm

i aneter upp S.i t ower pl ate,

di entil bbreakss.i She ipiliekgayge engthshthe serapde (Lehand isaweledength |
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| evel i ng- of f meésurddcarsd thedyeragemrreportedo§ ebsile lhedulussis nfeasbredat thehut ter i s
opened and the reacti this time while the sanple 10 is
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gas at atate of TR@QoAREtTRnseY bieparddty thie avkhtih Hdve O Bovaiedr continuously
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drops from
20 polarographic oxygen sensor consisting of a 4 mm diameter gold cathode and

a silver ring anode. The reference values are those measured on
commercially available contact lenses using this method. Balafilcon A lenses
available from Bausch & Lomb give a measurement of approx. 79 barrer.
Etafilcon lenses give a measurement of 20 to 25 barrer. (1 barrer = 10°*° (cm®
25  of gas x cm?)/(cm® of polymer x sec x cm Hg)). |
Gel time is measured using the following method. The photo-
polymerization reaction is monitored with an ATS StressTech rheometer
equipped with a photo-curing accessory, which consists of a temperature-
controlled cell with a quartz lower plate and an aluminum upper plate, and a
30 radiation delivery system equipped with a bandpass filter. The radiation,
which originates at a Novacure mercury arc lamp equipped with an iris and
computer-controlled shutter, is delivered to the quartz plate in the rheometer
via a liquid light guide. The filter is a 420 nm (20 nm FWHM) bandpass filter,
which simulates the light emitted from a TLO3 bulb. The intensity of the
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near infinity to less than 1. For neasurenents nmade herein the gel tinme is
the tinme at which tan 6 equals 1.(the crossover point when G =G'). At the
time 20 that G reaches 100 Pa (shortly after the gel point), the

restriction on the up ate is renoved sqQ that_ the ga&ﬁ?etmeen t he upper
and | ower pI"ﬁﬂ'é%ofbm?aﬂd’ﬁéﬁg‘éeéﬁ”@%ﬂ%ﬁ@é‘"’?ﬁ?ﬂl’o\ﬁ'ﬁaﬂﬁ i nks during

cure. |1 Wt ibBFePRISRR!A A 14DA'seAldr i0bofiiled 5 bop RAGIchiAGipDOVC have a

certain anoun rent test error. Accordingly, results reported herein
are not to aﬁﬁnbeTheaﬂempem&:ratssamlnthedrah#ﬁer(b1°CblAftenapmommalely tmies based upon
the precisi theg&)ar cula strate the invention

the fol | ow Ver{E'Ix{ﬁ' B acﬁi'é?gg 6‘3(%? (§ €ot limt the

i nventi org Trh@dmétéﬁ tﬂmm%rﬁetbpuﬁﬂéﬂﬁlﬁfetls%wdﬁ&i l'@CUSBOO“@OOq:HrﬁI ng the
i nvention. Those know edgeable in contact |enses as 30 wel|l as other

speci al ti es abaye therlewestiie, whereib isshelst unii altarithe WQCWWG?WHM 88l However,
t hose met hog%irﬁ.g g%g@g@? istéﬂm%dm feQtHn gnﬁal%ﬁﬁ:ﬁﬁnuﬁ Iﬁu%gvent i on. EXAVPLES

33 The foll I'ons™ are use elow Si GVA
2- propenoi c duérﬁhinea-byﬁhéﬂlyébelméd‘fmtrws]ea'ﬁiy[sﬁeérlws%oﬁty%éfetertamdw |- 1

-[(trinmeth I i |yl)ox |5|onan | opoX est er
N[g\l-di met h§| %}Né agd fhegacti 0}15;’89@@ é’ R%Plrém?d&'}"ﬁ"aﬁ SAMPBNVS 800- 1000 MW

NO ronormgg hél&fe\é'c%g’ meﬂﬁanleqhmsmnﬁl%@éarﬁ&@enarﬂbért.s Plrgb®iwith Rogeh
pol ydi nmet hyl si | oxahe Norb

2-(2'- Blydrgwsat avata at4q0 gmmeInQnWQngt|op-tmm§m@r eonfingbesly CG 1850 1: 1
bi 9(2, 6 ai milaniOg DY Sh YU 1S BBRR bl BB st beitation 4 pp

pol y( N- vi nylmqude)rwitereltime sedrifentsibiiesifan Blcompldte\dyclerare usead:ta on product of
Reactive Bl ue, 4

5, 944, 853 1§a|°95&?‘?n'g‘85%1ﬁ§% %glaggﬁp’g%gﬁ‘"?b?%’eggt ﬁhﬁ ?gnolpatribDng oH
{ne)P(r)n S} 2t1$t fbafemgkemue ayrhmﬂcf §hexp Fn@ﬂulhs)?") JSS8RNddulR! (G )naﬁda@tscosimno but y!
pol ydi net hyl si | oxane (MV
(v*), as a function of exposure time. As the reaction proceeds the shear
modulus increases from <1 Pa to >0.1 MPa, and tan & (=G"/G’) drops from
near infinity to less than 1. For measurements made herein the gel time is the
time at which tan d equals 1 (the crossover point when G'=G"). At the time
20 that G' reaches 100 Pa (shortly after the gel point), the restriction on the upper
plate is removed so that the gap between the upper and lower plates can
change as the reactive monomer mix shrinks during cure.
it will be appreciated that all of the tests specified above have a certain
amount of inherent test error. Accordingly, results reported herein are not to
25 be taken as absolute numbers, but numerical ranges based upon the
precision of the particular test.
In order to illustrate the invention the following examples are included.
These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as
30 well as other specialties may find other methods of practicing the invention.

However, those methods are deemed to be within the scope of this invention.

EXAMPLES
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TEGDVA t etraet hyl enegl ycol dinmethacrylate 20 TrEGDMA tri et hyl enegl ycol
di net hacrylate TRI'S 3-net hacryl oxypropyl tds(trinethylsiloxy)silane MPD
3- et hacryl oxypropyl (pent anet hyl di si | oxane) MM

3-rnet hacryl oxypropyl bi s(trinmethyl sil oxy)methylsilane AcPDVS
bi s- 3- met hacr yl ox\nedoligpina-abbsevationdaipmsein the sxaaplesiPelaWhy | si | oxane

Triglide tri | enegll Vb, o8 B2 R X

bi s(2, 4, 64ri g\g@ﬁél ben%Sﬁ"}%l-" Bflg:a%@f %H%gﬂgﬁ’izn oxc}xgé%li‘{/ggr%wrmfthyl

pol y( N-vi nyl pyr r ol i dot{(jrinéthyisilylexyldisilognypropexylpoopy! ester Exanpl es i ntensity
I's nmeasured bﬂf\ng an Qlﬂém%\ Fﬁ%iw.grreter, usi ng an XRL 140A sensor.
Exanples 1 - 34 The'V & iy(ﬁ? Bnents and dil uent (D30) listed in Table
1 were nbxegdiEMpget hep-hydiroRyeifyl friethagryte rol 1 i ng for at |east about 3 hours
at about 23C, _until al con@onents wer e di ssol ved, The reactive conponents

are reportedMPEMSiei gBRO-HRALMW (My manemethacryipxy@reRyhisBRIBAted M- t he di | uent

I s weight percent 5 of hfi | b A The reaction m xture was

pl aced into thernopl a’ippgp%mﬁgggipb?@@%#%n?mde from Topas(r) copol ynmers
of et hyl ene Nalocnor b2{@+hydroky-aimetbiachylyoxyethylphenyPelh-benzofriazaled i r r adi at ed

[ Phi | i 0 T £l bul 5C f b 20 m i
S " o S50T o e HHREBER kot B AR o20c5 ke "
sol ution10f | PA and lgsiEd dinrtibxpiseakes)-2,a-4Ltfnethlipantl phokphigeper at ure for

about 15 hours to renobve residual diluent and nononmers, placed into
dei oni zed H20 for abo®980 minutes, then equilibrated in borate buffered

saline for apypeast a&gmN,ﬁﬁy,E%IﬁonegmvagéggLaved at 122C for 30 m nutes.
Ing |

The properties of the result enses are shown in Table 1. 15 Table | EX
#123456789 1Blue HEMM. the reaction product of Reactive Blue 4 and HEMA, as described

in Example 4 of U.S. Pat. no. 5,944,853
15 IPA isopropyl alcohol
D30 3,7-dimethyl-3-octanol
mPDMS-OH mono-(3-methacryloxy-2-hydroxypropyloxy)propy! terminated,
mono-butyl terminated polydimethylsiloxane (MW 1100)
TEGDMA tetraethyleneglycol dimethacrylate
20 TrEGDMA triethyleneglycol dimethacrylate

TRIS 3-methacryloxypropyitris(trimethylsiloxy)silane
MPD 3-methacryloxypropyl(pentamethyldisiloxane)
MBM 3-methacryloxypropylbis(trimethylsiloxy)methylsilane

AcPDMS  bis-3-methacryloxy-2-hydroxypropyloxypropyl
25 polydimethylsiloxane
Triglide tripropyleneglycol methyl ether
CGI 819 bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide
PVP low MW poly(N-vinylpyrrolidone) (K value 12)

30 Throughout the Examples intensity is measured using an IL 1400A
radiometer, using an XRL 140A sensor.

Examples 1-10



Si GMA283028. 62831322939. 42068 PVP (K90) 7107. 177766. 737
DVA23. 51724. 523. 520202416. 43722 MPDVS313203131343129. 8150 TRl S00000000150
HEMAG66. 166. 535. 52. 980 Nor bl 0c2202. 02221. 900 CA 18500. 9811. 021111110
TEGDMAL. 521. 021. 51. 511. 51. 902 Tr EGDVAQ00Q 0 Bl ue HEMAO. 02000000000
nPDVS- OH0031. 600d086eRAAR 6RMPONEHISHENY Bq_"t%ggogjﬁstegdﬂ Lable d Wes3 032932281727

oh B ongat | or T TIARET7S 405 SR 57 BRR sy NS eI 0t ()
(advanci ng) upkil 8iBddnidaden B Were Hi32d ¢l Jheseactive dyepenentsare eepotted Equi | i bri um
bor at e- buf { A REETARREnT oAt Eeave PP AR R st 8 o 8 e 11 ¢y,
edge cor rectefdinalireadbidh neiktGre. SThe reaction mixture was placed into thermoplastic

contact lens molds (made from Topas® copolymers of ethylene and

norbornene obtained from Ticona Polymers), and irradiated using Philips TL

20W/03T fiuorescent bulbs at 45°C for about 20 minutes in No. The molds

were opened and lenses were extracted into a 50:50 (wt) solution of IPA and

10 H20, and soaked in IPA at ambient temperature for about 15 hours to remove

residual diluent and monomers, placed into deionized H,0 for about 30

minutes, then equilibrated in borate buffered saline for at least about 24 hours

and autoclaved at 122°C for 30 minutes. The properties of the resulting

lenses are shown in Table 1.

15
Table 1

7 8 9 |10
EX.# 1 2 3 4 5 |6
Comp.
SiGMA 28 |30 (286 {28 [31 [32 [29 |394 (20 (68
PVP (K90) 7 10 171 |7 7 (7 6 6.7 |3 |7
DMA 23517 12451235120 |20 (24 |16.4 |37 |22
MPDMS 31 (32 |0 31 (31 [34 {31 [298]15 |0
TRIS 0 0 0 0 |0 0 0 0 15 |0
HEMA 6 6 6.1 |6 6.5 |3 55129 [8 |0
Norbloc 2 2 0 20 (2 2 2 19 |0 |0
CGl 1850 0.98 {1 1.02 |1 1 1 1 1 1 0
TEGDMA 1.5 |2 102 {15 {15 |1 1.5 (19 |0 {2
TrEGDMA 0 0 0 0 0 (0 0 0 1 0
Blue HEMA 10.02 [0 0 0 0 0 0 0 0 |0
mPDMS-OH |0 0 316 |0 0 [0 0 0 0 |0
Darocur 0 0 0 0 0 0 0 0 0 1
1173
D30 % 23 |26 |17 |23 123 |29 |32 |28 |17 {27

Properties

%EWC' 36 |33 |39 |40 |36 |37 |39 |25 |48 |29

35



The results of Exanples 1-10 show that the reaction m xture conponents and
their anmounts nmay be varied substantially, while still providing uncoated

| enses havi ng an excel | ent bal ance of nmechanical properties and
wettability—The contact angle (DCA) of Exg high to form
a | ens that MRSHIug be [&8i ni €81 1|y et Bhbl |67 g 1|6 idul ﬁ‘g’l ﬁgv:sble [ ower than
desired to @i de alnechanicdlly ftobust ldns |Fxanple B cont aj ned t he

| owest cong&nEloagation |GX01S| 28 |(1AF94 29Be2815308h 2481 | @GR 283eih r educed,

| ess PVP collGA®be addéi? t p5%hg F8or n64 at|iZ@n &8d |l ||155pr 092 def2a conpati bl e
reaction mj|Xadvaacinghus, these jexanpl es [show that 13 SIGVA ijs efffective in
conpati bi | ilpkhg PVP gdngat haiq 431 1{ci1ent132 |(Geh (a1ag | GAVH 76 €| pr esent

| enses with %@i rabl ¢ wettabilfity and gt herf meghanijcal | prgpertjies can be
made W fhméoﬁ‘@éfeé or m of .>urf ce dei fijcatijon. [Exanple [11 20 Lenses having
the fornul g, Wthout— controfting—cure

tensity e, .W‘F a‘f&*& aig#‘ ?ﬁ%%?@@e&%@é@%@‘%‘zﬁﬁéﬁ%@""@ﬁﬁi Cols. The

| enses were %"yo a i n ? )éﬁwear node (nightly renoval) for a
peri od of offe 8 egh ‘ioﬂ'gdﬁ [M8ST was 3.6 25 (3.0) seconds
conpar ed

to 5.8 (2.5) seconds for ACUVUE(r) 2 lenses. The front surface

deposition was WW@QUI&%EX&QM@E'19msﬁthh§lQP/é ﬁacﬁéﬁnixﬁﬁé lenses and 100%
for the control |enses. The novenent was acceptable for both test and

control | ensempommtERnthheicamounts iy be veriedaubstantialy whilestifept that the cure
intensity “@Eovfd?ﬁ\?&ﬁlﬁea?eqjseghm grorexc-gpgntrﬁﬁf\aﬁﬁé‘b hgmglertles are reported

in Table 2 ese lenses re cl'inica eva uated using ACUVUE(r) 2
I enses as ccpn:tpedl&s and weltabilitg s Thé eordact anglee(DGAb of Exanipte aay bateo in a daily

wear renoya LN 0 or, a i od ,of one week and an
neovuec D 5 M qmd BRI Wit e ealy SrenBhie Sariihe Moafile RBY RECK  ne

PLTF- NI BUT Véwer®hat debired to ;ﬁ@wwdme@nml?tﬁomm lend Exaniple seconds for
ACUVUE(r) 2 lenses. The front surf dep n was rgr&ffléed none to slight

for all of cAAapsd thelpwestspnaspirationy @@MAAggi%b gGayse | MA The novement
was accept aphg hbeH rdandy, €8s PVPbuld Bddel té fhe38itnulation and stil

provide a éompétible reaction mixture. 'Thus, these examples show that
15  SiGMA is effective in compatibilizing PVP and that when sufficient SiIGMA and
PVP are present lenses with desirable wettability and other mechanical

properties can be made without any form of surface modification.

Example 11
20 Lenses having the formulation of Example 1 were remade, without

controlling cure intensity. The mechanical properties are reported in Table 2,
below. These lenses were clinically evaluated using ACUVUE® 2 lenses as
controls. The lenses were worn by 6 patients in a daily wear mode (nightly
removal) for a period of one week. At one week the PLTF-NIBUT was 3.6

25 (£3.0) seconds compared to 5.8 (+2.5) seconds for ACUVUE® 2 ienses. The
front surface deposition was graded none to slight for 50% of the test lenses
and 100% for the control lenses. The movement was acceptable for both test

and control! lenses.
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Table 2 Ex.#11112 %WC363636 Mddul us (psi) 687487 El ongati on301315223
DCA627756 Dk103127102 Cenerally the nechani cal properties for Exanples 1, 11
and 12-are 15 consistent results for multiple runs of the same nmaterial.
However, the clinical results for Exanples 11 (uncontrolled cure intensity)
and 12 (Iow Example 421 ed cure intensity) are substantially different. The on

eye wettabilit red b

PLTEN BUT) vt PRt Sres R et BB o the FURMRe R s JEARMTC 0 11y ¢ (e
I(enstes Ih?ddmlrm tnlm?nélT@ﬁeé!ﬁn&uk;frem}nwwese;pomp?; Ta'Hsttel.'ZEwlasml e 13 | enses
controlle ow | Nt ensl ayed si I,.can | oved on-eye
wet t abi | i ty, TResed qps%yewﬁcﬁglgﬁwvgluakgp Yﬁ&é@\}ﬂﬁeﬁ)&f’ CPEE‘%I%S (8.2 vy
6.9) and §o P fesAen @W&?é M)m 5 TgatEnts .méua@ﬁear%deqa@h{f' led cure

1
provides an uncoated |ens g on-eye wettabilit I s as good as,
and in sone emoyal), weomeaeyetfhmpermd\ﬂénnemak an@ gn AtV e 2I|ee$1wes 37 Exarrpl es

nyelroxyl - £ undoT O o BT Q8RS bu o R weRR e P B I b B T Bl s 5
Si GVA) were sacmdis wmﬁaredotostgaﬁu sstsecronuagarao;CU\MEﬁ)mmsesatrm frofitor 16 hours.
Even after ours each of the reac ﬁﬁggoxégg s remai& EI c| oudy and sone

cont ai ned pr ﬁ?f’%‘?qﬁ,”g'mﬂéégﬁﬂeﬂ@@e 4 hepatien RN coui d not be

used 10 g0 0dUSEiRBARa fenkabl Prcimblerid Wb SHEIaoMEP 85l 1b8ng! GA0001020 PVP
K901212108. 08, 0 DMA10108. 31919 MPDMsS373730. 83528

control lenses.

Table 2
Ex.# 1 11 12
%EWC 36 36 36
Modulus (psi) 68 74 87
Elongation 301 315 223
DCA 62 77 56
Dk 103 127 102

Generally the mechanical properties for Examples 1, 11 and 12 are

16  consistent results for multiple runs of the same material. However, the clinical
results for Examples 11 (uncontrolied cure inténsity) and 12 (low, controlled
cure intensity) are substantially different. The on eyé wettability after one
week of wear for Example 11 (measured by PLTF-NIBUT) was worse that the
ACUVUE® 2 lenses (3.6 v. 5.8) and half the lenses had more vthan slight

20 surface depositions. The Example 12 lenses (controlled, low intensity cure)
displayed significantly improved on-eye wettability, which was measurably
better than ACUVUE® 2 lenses (8.2 v. 6.9) and no surface depositions. Thus,
using a low, controlied cure provides an uncoated lens having on-eye
wettability which is as good as, and in some cases better than conventional

25 hydrogel lenses.
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TRI S141411. 71714 HEMA252537. 58. 08. 0 TEGDIVAL. 01. 00. 832. 02. 0 Dar ocur
11731.01.00.831.01.0 D30 92331312727 10 Exanples 13 through 15 show t hat
reaction m xtures wi thout any hydroxyl-functionalized sili‘cone containing
nononer (Si GVA or nPDMS-OH) are inconpatible, and not suitable for naking
contact |enses. Exanples 16 and 17 show that concentrations of

hydr oxyl -fug&% h§1@§|13-2|9d silicone containing 15 nononer |ess than about 20
wei ght % ar e rcrent to conpatibilize significant amounts of high

nmol ecul ar wei ghtRéa¢kon hiinteres desaribep mrTabte 3 andogritainihg ldwotnaanpl e 9, | esser

amounts of high | ecul ar .ght PVP (3 weight. %9 c be i ncluded and still
forma corrpgi"grﬁ?‘@?‘f'@g%@q?iéﬁ'&ﬂﬁF@'.’ta'ﬂ 9470 f‘é/%e%g"?g‘p}fssol ution of 1.00
gram of B30 g;dmRPwereanixed witPEDAztam stirind &t resmtempératuiré forBhollsaced in a gl ass
vial (Ex. 19). As the blend was rapidly stirred at about 20 to 23 Cwth a

magneti c st Evenaiter 18 hogragach ef e reactipn mixjuregremaiged slopgwand seme 60 parts DVA

was added d | I h N | : 3 m nut es of
stirring. Th@ﬁ%ggp%é?wthtgg'aggczog&@%ﬁgﬁﬁgﬁetﬁﬁqmﬁt/g't&géeé’p 'éﬁr%& ﬁéed in granms and
reported asusédtopradusedensesnpati bility index". This test was repeated using

SiGVA (Ex. 18), MBM (Ex. 20), MPD (.'Ex il), acPDVS, where n=10 (Ex. 22),
acPDMS where n=20 (Ex. 23), iSi GvA-TEREe 3o (Ex. 24) and TRI S2- HOEOP2 (Ex. 25)

as test sillggope nononers I[pgplacgaol [{RRIS. [{@bl € A7EX. |#Test
sili cone-c?lWhﬂ—m—anone conpat{i br ity Tnagx 18SI GVAL. 83: 1
191 RI SO. 074$R§MA 0 0 0 10 20
PVP (K90) 12 12 10 8.0 8.0
DMA 10 10 8.3 19 19
MPDMS 37 371 308 35 28
TRIS 14 14 117 17] 14
HEMA 25 25 375 8.0 8.0
TEGDMA 1.0 1.0f 0.83 2.0 2.0
Darocur 1173 1.0 1.0, 0.83 1.0 1.0
D30 % 23 31 31 27 27
10

Examples 13 through 15 show that reaction mixtures without any
hydroxyl-functionalized silicone containing monomer (SiGMA or mPDMS-OH)
are incompatible, and not suitable for making contact lenses. Examples 16
and 17 show that concentrations of hydroxyl-functionalized silicone containing

15 monomer less than about 20 weight% are insufficient to compatibilize

significant amounts of high molecular weight PVP. However, comparing
Example 17 to Example 9, lesser amounts of high molecular weight PVP (3
weight %) can be included and still form a compatible reaction mixture.

20
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20MUMD. 093: 0 21MPDO. 052: 0 221.911: 2 acPDMs (n=10)* 23121:2 acPDVs (n=20)"
240. 154: 0 | SI MAA-We 250. 113: 2 TRI S2- HOEOP2 260. 64-11: 1 MPDMS-OH 15
Structures for acPDMS, i Si GVA-3Me and TRl S2- HOEOP2 are shown bel ow. acPDVS
(n averages 10 or 28) 39 05 10 OHOH TRIS2-HOEOP2 0 ~0 OH) 2 i Si MAA3- Me
Ove 0 | xdxamples18-255( 0Si Me3) 3 The results, shown in Table 4, show that

Si QA POV (waskuudod ogalen ANsEnChaTRONGS DIBIIRG Snd §34 ! 0T porat e

into a bl end of 'Ue Si ['T'cone contal hi ng
hydrophilic oflTRd&rwas phwﬂ iara glagshvial itbx.ao)| msthubiagﬁdtwascrbyimyrstn(ra‘y@b t han

alternative a% {fo to 3q’8 ﬁ a magnetlc stir bar, a solution of 12 parts (wt) PVP
5 (K90) and 60 parts DMA was added dropwise until the solution remained
cloudy after 3 minutes of stirring. The mass of the added DMA/PVP blend
was determined in grams and reported as the “monomer compatibility index”.
This test was repeated using SiGMA (Ex. 18), MBM (Ex. 20), MPD (Ex. 21),
acPDMS, where n=10 (Ex. 22), acPDMS where n=20 (Ex. 23), iSIGMA-3Me
10  (Ex. 24) and TRIS2-HOEOP2 (Ex. 25) as test silicone monomers in place of

TRIS.
Table 4
Ex.# Test silicone-containing | Monomer Si:OH
monomer compatibility
index
18 SiGMA 1.8 31
19 TRIS 0.07 4.0
20 MBM 0.09 3.0
21 MPD 0.05 20
22 1.9 11:2
acPDMS (n=10)*
23 1 212
acPDMS (n=20)*
24 0.15 4:0
ISIMAA-3Me
25 0.11 3:2
TRIS2-HOEOP2
26 0.64 ~11:1
MPDMS-OH

15
Structures for acPDMS, iSiGMA-3Me and TRIS2-HOEQP2 are shown

below.
acPDMS (n averages 10 or 20):
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15 nononers.
conpatibility index of greater than about 0.5 are useful

Thus, conpatibilizing silicone containing nononers

havi ng a

for conpatibilizing

hi gh nol ecul ar wei ght hydrophilic polynmers |ike PVP. Exanple 27 -35 20
Lenses were made using the reaction mxture fornul ation of Exanple 1. The
pl astic contact Kens nolds (made from Topas(r) copol yners ofOethyl ene and
nor bor nene ot%g;i/rﬁjed from Ticona Poly S) re stored overn}[@t/ nitrogen
(<0.5% 02) beRore Ngé. \gaChom - 1as; OBW@/IW DN xture.

Mol ds were cl osed and | enses phot oclined/ ng the times and cure 25

intensities
nononer m X

intensity was varied by using a variable balast or light filters,

i ndi cated i®HTable 5. Lenses were forned B¥ irradiat

ion of the

using visible light fluorescent bul bs, curing at 45C. The

in two

steps of varrISd-HOB®PZity and cure tinme. The step 2 tine was selected to
sane total irradiation energy (about 830 mJ/cnR) for each
sanple. 40 The f@nished | enses were denol ded using a 60:40 m xture of | PAI
wat er. The | ensef were trans§erred to a jar contlini ng 300 g 100% i sopr opyl

provi de the

al cohol (1PA

of about 10
and the jar
renoved and

m nut es and

10

15

20

25

for 10 hours.
was rermved anth replaced with

holir s, 0% of t/
20 nut es After 20 m nutes, 50% of t

wa roIIed for

At the end
DI water 5
he | PA was

re | aced with DI water and the jar was rol led for another 20
mi nutes. ThdS| €were transferred to packing solution, rolled for 20

t hen tested 10 Table 5 Step 1 Step 1 Step 2 Step 2

Ex.#lnten5|tyt|8*em ty tinme Contact
ﬁl LO\/\/SI(OSMea)a

The results, shown in Table 4, show that SiIGMA, acPDMS (where n= 10 and
20) and mPDMS-OH more readily incorporate into a blend of a diluent,
another silicone containing monomer, a hydrophilic monomer, and an high - -
molecular weight polymer (PVP) than alternative silicone-containing
monomers. Thus, compatibilizing silicone containing monomers having a
compatibility index of greater than about 0.5 are useful for compatibilizing high
molecular weight hydrophilic polymers like PVP.

Example 27 -35
Lenses were made using the reaction mixture formulation of Example

1. The plastic contact lens molds (made from Topas® copolymers of ethylene
and norbornene obtained from Ticona Polymers) were stored overnight in
nitrogen (<0.5% O,) before use. Each mold was dosed with 75 pl reaction
mixture. Molds were closed and lenses photocured using the times and cure
intensities indicated in Table 5. Lenses were formed by irradiation of the
monomer mix using visible light fluorescent bulbs, curing at 45°C. The
intensity was varied by using a variable balast or light filters, in two steps of
varied intensity and cure time. The step 2 time was selected to provide the
same total irradiation energy (about 830 mJ/cm?) for each sample.

40
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MmN cnm2(m n: sec) MV cn2(m n: sec) Angl e 271. 16: 555.51: 2851 t 1
281.12:465.52: 2155 t 2 291.111:035.50: 3555 1 301.76:305.50:3550 1
311.71:375.52: 2155 t 1 321.74:045.51: 2854 2 332.42:525.51: 28626

342. 44: 365. 50: 3576 9 352.41:095.50: 35786 The contact angles for Exanples 27

t hrough 32 are ndhednighed leases were damplded uping ai6R0BixiurOfIRAL step 1 cure
I ntensities

. SR q
wettability \ﬁ)t?tl.?ﬁﬁsléﬁ%ésﬁsgyh%%bgg%Héegﬂrgﬁﬁg@%%ééoﬁb’ggyi cure tine.

However, t hcieohof (IBK). | Thei IRAtwas replaced everyabhouss foatl@ hotrst Atteender step 1 cure

ti h ' I L] ow. hort [
ture oyl oo O EPRTELRS B0t b PR FRg I b o Bred Wi RPWeBE Lont act
angles f@ Rfathé i was rollet dordD mbutRs CAfEr 20 wimliés, SDYOdfeke IFPaWas20 t hose of

| enses of Exaggl es 33-35 may still provide desirable on

Exanpl es 27-32, the f :
eye wett abi I'empvedanddeplasedyith Dhwatenand hgdariwas reladderanatierdd Exanple 1, were
1edG&sfance with the

bliended Wit il rne ferfsemerd rd3FEB %o Atk lsffibn, raedggo51an char ged into

procedure of anpl e resultant Treaction mx
pl asti ¢ contmioutesand then tésted.( nade from TopasO copol yners of ethyl ene and
nor bonrene obtained from 41 Ticona Polyners) and cured in a glove box under a
nitrogen atnosphere, at about 2.5 miWcnR intensity, about 30 m nutes and
the tenpdratures shown in Table 6, Tit9edw. The | enses were renoved fromthe
nol ds, hydrated and autoclaved as describe in Exanple 1. After hydration

the haze val g T 181> T F8REpS wergegqtern]\gtggg TMEAGEaEINGS | shown in Tabl e
6 show that tihe deggaeRsityOf | fiaé! NeSBinteRsity edumss at gnfacgnel tenperatures.
The results 3l so ShNw/emBal (riR:sb&ie “Lra(HirQ&g?f Eh ent gecreases the
haze al so dequgasgs %5 3 Fenfng \;’/01"[15

28 1.1 2:46 5.5 2:21 55+2

29 1.1 11:03 5.5 0:35 95+1

30 1.7 6:30 5.5 0:35 50 + 1

31 1.7 1:.37 5.5 2:21 55+1

32 1.7 4.04 5.5 1:28 542

33 |24 2:52 55 = 1:28 62+6

34 24 4:36 5.5 0:35 76+9

35 24 1:08 3.5 0:35 78+6

The contact angles for Examples 27 through 32 are not significantly

different, indicating that step 1 cure intensities of less than about about 2
15  mW/cm? provide improved wettability for this lens formulation regardless of
the step 1 cure time. However, those of skill in the art will appreciate that
shorter step 1 cure times (such as those used in Examples 28 and 31) aliow
for shorter overall cure cycles. Moreover, it should be noted that eventhough
the contact angles for Examples 33 through 35 are measurably higher than
20 those of Examples 27-32, the lenses of Examples 33-35 may still provide

desirable on eye wettability.

Examples 36 - 41
The reaction components of Example 1, were blended with either 25%

25 or 40% D30 as diluent in accordance with the procedure of Example 1. The
resultant reaction mixtures were charged into plastic contact lens molds

(made from Topas® copolymers of ethylene and norbornene obtained from

41



36252530(6) 99 372550-5512(2) 100 382560- 6514(0. 2) 59 39402550( 10) 68

404050- 5540(g) 72 414060-6532(1 )66 Haze (std. dev.) The results in Table 6
show t hat haze may be reduced by about 20% (Exanple 41 v. Exanple 39) and
up to as nuch as about 65% (Exanple 37 v. 15 Exanple 36) by increasing the
cur e t enper ati¢Ana Pobyirars)asndeyred in@cgieve hoxibder a Bitroaen atmesphate. @ 25% decr ease

haze by bet 9. ; B - elé,ﬁﬁ; de fromthe
f or mul ation\g%gﬁto%)ﬂl}wn/c ab’ﬁée%ﬂ'ﬁaosélbrlfg t,heue‘%oalhgrt@%te reﬁg?%@np el witha
30 mi nute cukabletd,belont Thedermed wene remayad frog the mokdso bydrated andV cn2. Per cent

haze was nmeasured and .is repoLted i ble 8. 25 Tabl e Ex, #424344454647

o o 00e Bsyed 3 Juscohs FEE kBRI, ABsh Rubiopae RBls alusShr BE v

0. 00. 04. ®4. Qénde4 weragetermihéd STHe8sBifE3hbwa irp P2blé) B4hbw itfiavie dégrdeS5. 05. 06. 06. 0
TEGDVAL. 51. 51. 51. 50. 00. 0 Nor bl 0c2.02.02.02.02.0_, 2.0 42 PVP (K-

7.07.07.07. (pf.héziif‘%ﬁsg’(ﬁs rediicedgithe mghemiemmr@tyrem.f@e results also show
that as the concentration of diluent decreases the haze also decreases.

10 Table 6

Ex.# | %D30 | Temp.(°C) | % haze DCA(°)
36 25 25 30 (6) 99

37 25 50-55 12 (2) 100

38 25 60-65 14(0.2) |59

39 40 25 50 (10) 68

40 40 50-55 40 (9) 72

41 40 60-65 32(1) 66

~ "Haze (std. dev.)
The results in Table 6 show that haze may be reduced by about 20%

(Example 41 v. Example 39) and up to as much as about 65% (Example 37 v.
15  Example 36) by increasing the cure temperature. Decreasing diluent
concentration from 40 to 25% decrease haze by between about 40 and 75%.

Examples 4247
Lenses were made from the formulations shown in Table 7 using the

20  procedure of Example 1, with a 30 minute cure time at 25°C and an intensity
of about 2.5 mW/cmZ2. Percent haze was measured and is reported in Table

8.
Table 7
25
Ex.# 42 43 44 45 46 47
SiGMA 28.0 28.0 28.0 28.0 28.0 28.0
mPDMS 31.0 31.0 28.0 28.0 28.0 28.0
acPDMS |0.0 0.0 4.0 4.0 40 4.0
n=10)

DMA 23.5 235 235 23.5 24.0 24.0
HEMA 6.0 6.0 5.0 5.0 6.0 6.0
TEGDMA [1.5 1.5 1.5 1.5 0.0 0.0
Norbloc 2.0 2.0 2.0 2.0 20 . |20
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D3025. 04025. 040. 025. 040. 0 Properti es Haze30507. 3142625 Mdul us
745614810474NT (psi) Elongation 326395188251312NT % EWC %384133353839 A

conparision of the results for fornul ati ons having the same anount

of

di | uent and=either—TFECDMA-o—ackRDNE{(Exgaples42—and46—and Exanples 43 and
47) shows { RXF (5tP[ is ahleffedtl ve ?Qgsl [ r@ aﬂc?g priovi des | enses with
properties ch e conparablelta those wherd used as a
crossl i nket CGEA8HI|dD 44 ahd 45 |déht ai n1¥ot h dEQ)SSJ i'Tfkers. Haze for these
Exanpl es decreased [substaptially conpafed to {the | gnses made from either
crossl i nker 80one. |I36Wever 40 noduyl26d and40.6l ong2bilon d®E megati vel y i npacted
(It kely because the anmount of crosslinker 10 was too great). Exanples 48-54
Reaction mxtures were made usppgperiés f or nul ati ons shown ifn Table 8 with
the di | uentRabfidrcampd.  ThEgTeagyippn MYFur eSTjgr e pizZced]|into 15
t her nopl as I AL c% terTs 6IDI (SR ,148mu | '104“' at] mbl Pmlips TL 20W 03T
fl uorescent PH at 45C, 8 my cng f about m|nutes| The nol ds were
opened and ..SC" et E—F """ed o—aept2eq ter—at—95C over a period
of 20 m nu1 q‘l?@ IZﬁses e tﬁg% pl agg i nt 3uvgora buff ered saline
solution fg %50 ni dutes al bcl avedtat—122¢C and 30 m-nutes. The 20
properties EWQ(%& ne8ul t i 1@1 | endd3 arel 3Bown il¥8TaNI 639& Table 8 Ex. #
Conponent s 48 49
A comparision of the resuits for formulations having the same amount
of diluent and either TEGDMA or acPDMS (Examples 42 and 46 and
Examples 43 and 47) shows that acPDMS is an effective crosslinker and
5 provides lenses with properties which are comparable to those where
TEGDMA is used as a crosslinker. Examples 44 and 45 contain both
crosslinkers. Haze for these Examples decreased substantially compared to
the lenses made from either crosslinker alone. However, modulus and
elongation were negatively impacted (likely because the amount of crosslinker
10  was too great).
Examples 48-54
Reaction mixtures were made using the formulations shown in Table 8
with the diluents indicated. The reaction mixtures were placed into
15 thermoplastic contact lens molds, and irradiated using Philips TL 20W/03T
fluorescent bulbs at 45°C, 0.8 mW/cm? for about 32 minutes. The molds were
opened and lenses were released into deionized water at 95°C over a period
of 20 minutes. The lenses were then placed into borate buffered saline
solution for 60 minutes and autoclaved at 122°C and 30 minutes. The
20 properties of the resulting ienses are shown in Table 9.

Table 8
Ex. # 48 |49 50 51 52 53 54
Component
s
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50 51 52 53 54 43 S| GVA30303033342520 PVP6666766 DMA31313130303131
MPDVB192223. 516. 5192528 AcPDMS 200 . 3000 (n=10) HEMA9. 858.56. 959610.512.5
Nor bl oc1.51.51.521.51.51.5 CG 8190. 230. 230. 250. 4800. 230. 23 CG 18500000100
EGDMVAO. 40. 7508000 750. 75  TEAOMAOOQO1 500 Rlue HEMAO. Q020.020000.020.02 9%
Di | uent 40402 8iGMA. 425 310403® | L3t  APNBRDAA3E o 2Pr op Pt | EWC
%45454749474PP DCA 5P 2) 5116 7) 746 10) 10875( 67 47( 2656( 16) (advanci ng) Mdul us
917769554963@MA psi ) E3Hngk3f on| 31 30 |30 [31 |31
MPDMS 19 [22 [235 [165 [19 [25 |28

ACPDMS |2 |0 o |3 |o [0 Jo
(n=10)

HEMA 985 |65 695 |9 |6 105 |125
Noloc |15 |15 [15 12 (15 [15 |15
CGI819  |0.23 | 023 025 |048 |0 023 [0.23
CGI1850 |0 |0 |0 RE 0 |0
EGDMA |04 |075 |08 |0 |0 075 |0.75
TEGDMA |0 |0 |0 0 (15 [0 |0
Blue HEMA |0.02 |0.02 |0 0 |0 (002 |0.02

% Diluent |40 {40 27.3 394 1259 |40 40

Diluent A A B C D A A
comp
Properties
EWC (%) 45 45 47 49 47 49 50
DCA 52(2) | 51(7) | 74(10) [ 108 | 75(6) | 47(2) | 56(11)
(advancing)
Modulus 91 77 69 55 49 63 |67
(psi)
Elongation - |NT. 1232 |167 ..|275 |254 |110 |124 |... ..
(%)

Dk (barrers) | 54 60 78 44 87 59 60
Diluents (weight parts):
A =72.5% t-amyl alcohol and 27.5 PVP (Mw = 2500)
B = t-amyl alcohol
C = 15/38/38% TMP/2M2P/ PVP (My = 2500)
5 D=57/43 2M2P/TMP

NT - not tested

Thus, Examples 48 and 51 show that formulations comprising both
10  hydrophilic (EGDMA or TEGDMA) and hydrophobic crosslinkers (acPDMS)
provide silicone hydrogel compositions which display an excellent balance of
properties including good water content, moderate Dk, wettabiltiy, modulus

and elongation.

15 Example 55
The lenses of Example 48 were clinically evaluated. The lenses were

worn by 18 patients in a daily wear mode (nightly removal) for a period of one
week. At one week the PLTF-NIBUT was 8.4 (12.9) seconds compared to 7.0
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NT_ -.232.167 --275254110124 /a Dk (barrers)54607844875960 Di |l uents (wei ght
parts): A= 72.5%t-anyl alcohol and 27.5 PVP (Mv = 2500) B = t-anyl

al cohol C =15(38/38% M/ 2M2P/ PVP (Mwv = 2500) 5 D= 57/43 2M2P/ TMP NT - not
tested Thus, Exanples 48 and 51 show that fornulations conprising both 10

hydr ophi | i ¢ (t#3Drrcands fr &AOUNMUER 4 lenses-oheotant surfasesdiscrate dePesilionDVS) pr ovi de

silicone hydr ng%st:jt i b | bal ance of
properties i vr\{g?g}gld%ag) goo s\‘/@@?r\@go@?eﬂ% '?a’r?f)‘%e@g’tt@égs{lle&gﬁ'abi ltiy, nodul us
and el ongat i comparéd witta8@lodn Entrbhlensesn Skhe naivemeatwpasact@ptabledor! i ni cal | y

eval uated. The |l ense r worn by 18 patients in a daily wear node
(nightly rengﬁaltﬁm?%&ca:{ﬁr[?@@%ﬁf' of one week. At one week the PLTF-N BUT was
8.4 (2.9)5seconds conpared to 7.0 44 (1.3) seconds for ACUVUE(r) 2 | enses.
The front sugiﬁrﬁ%eggscrete deposition was graded none to slight for 97% of
the patients™w e test lenses, conpared with 89%in control |enses. The
movenent was accdpedgnses piirxampie #9 werstclinipallyyaluated. Theleases WerBxanpl e 56 The

| enses of Ex I - CLL o | Aat worn by 18
patients in ‘gg@absll@\ﬁﬁgﬁrtg%%ggiyﬁ@ﬁﬁoggﬁé L\)’g?'{'mg@r%gggé’?‘fﬁo OF one week.
At one week wéek. FAttne MeBk/TheyRISTFRBNIBUTAvEY) 8.4 ¢x8)decoraisisampadrddaito? 10 (1. 3)
seconds r UE(r) | en he fraont surface djscrete deposition was
ar aded ndfhe (5 srits fosACoBTER 2 ses, afediort sface dieets dEpoTtB s,
conpared Wi tRadgUrednsittb’s ht'f&%%oftﬂ@%ﬁ@ﬁté%ﬁheYé%ﬁleﬁ%@pt able for both
test and control lenses. 15 Exanple 57 The |enses of Exanple 51 were

clinically etmpaedwith §$% in eandreklepgase The movement was acceptable for
both test and control lenses.

15 Example 57
The lenses of Example 51 were clinically evaluated. The lenses were

worn by 13 patients in a daily wear mode (nightly removal) for a period of one

(£2.1) seconds for ACUVUE® 2 lenses. The front surface discrete deposition
20 was graded none to slight for 70% of the patients with the test lenses,

compared with 92% in control lenses. The movement was acceptable for

both test and control lenses. Thus, there is some correlation between contact

angle measurements (108° for Example 51 versus 52° for Example 48) and

clinical wettability as measure by PLTF-NIBUT (4.3 seconds for Example 51
25 versus 8.4 seconds for Example 48).

Examples 58-60
Silicone hydrogel lenses were made using the components (expressed

30 in weight parts) listed in Table 9 and the following procedure:
The components were mixed together in a jar to for a reaction mixture.
The jar containing the reaction mixture was placed on a jar mill roller and
rolled overnight.
The reaction mixture was placed in a vacuum desiccator and the
35 oxygen removed by applying vacuum for 40 minutes. The desiccator was
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worn by 13 patients in a daily wear node (nightly renoval) for a period of
one week. Atone week the PLTF-NI BUT was 4.3 (1.9) seconds conpared to 9.6
(2.1) seconds for ACUVUE(r) 2 lenses. The front surface discrete deposition
20 was graded none to slight for 70% of the patients with the test |enses,
conpar ed wi thacsfiled withcrjtieges. Gastackiensesergderatediby adgi@gaccept abl e for  both

test and co ; LA | L CAr ' n cont act
angl e rreasuFgg@garﬂrtﬁ??%?of%%Eag%%%é&%%ﬁﬁlgﬁggjgpgéﬁf%)@c%wtg%) and
clinical wetdideofl TQRAS® (copelymers db gthiplemé ahii Bofbo(neénd obtaineddrent or Exanpl e 51

25 versus 8.4 seconds for anpl e 48). ampl es 58-60 Siljcone, hydrogel

| enses were %‘H‘éﬁp&&%sme'g)éa%%ﬁ{%ﬁt °VE§§’5§E‘§§§E?QGQBU'EQE- \LXbF dsparts) listed
in Tabl e ® apstelciosed dith pYlypOpRERCRMVEEbastRneafBIengnes were m xed toget her
inajar to for a reaction mxture. The jar containi nq the reaction m xture

was pl aced dPlymerization was casriedeut Jpder a ilrogan RFES #ndyMas phptainitiatedt i on i xt ure

was pl aced i LG y appl yi ng
vacuum f or 4‘@“?715 }rﬁ\g‘fg@%ﬁ&ﬁiblgg@ftgégﬁggdtxg@g@%mé’%?ﬁl@g@ v\<\'/|ﬁ ﬁ'hg)ni trogen.
Cont act | ensHsOdphasphon rAfter byringdati 25gminatep ab45°Ca thel polds wéregppehed.he degassed
| ens materi to the concave fr.ont, . curve | de of TOPAS(r) .(copolyners of
et hyl ene. anaMEGRBEAE MRS Retion o1ufe 1ehE ol Was Boettold 24anidaidht Voe i n'a
gl ove bot0 witidth (AquasEitmbyél J6D) ddntaining Beiohizedwatet Lifde thevdohbitioes ypr opyl ene
convex base curve nold hal ves. Polpgrrerl zation was carried out under a

ni trogen purfEReRtuRandamRAUst of TwegpLehowriip Habledfly The leps deblaslh e 1 ght

gener at ed Usinigis 3R In-RYLRS R e 1619885 Sved ElBaPand b tRDrofP SRS to After curing
for 25 m nutes Igt%ﬂéﬁ'lacl,nuﬁle %I J.se wer e oepene ) n The&gpoﬁé.:géeg rgnt curve
portion of thescdntactlensgsd was pl aced into a sonication 10 bath (Aguasonic
nodel 75D) containing deioni zed water under the conditions (tenperature and
anount of Tween) shown in Table 101:3&&5 | ens deblock tinme is shown in Table

ag-—wora. ol aar and nar. _chana t ha _con
Tobl e 0 Bx. §oBer soex| cBR8 i sEu gl 0ds BLUE ([ Eer ot e
3.05 3.2 32 3.0
SiGMA ‘
mPDMS 1.7 1.7 - 17 1.7 .-
DMA 3.2 3.0 3.1 3.2
PVP 0.6 0.6 0.6 0.6
HEMA 1.0 0.8 0.8 1.0
TEGDMA 0.2 0.4 0.3 0.2
Norblock 0.15 0.2 0.2 0.2
CGl 1850 0.1 0.1 0.3 0.3
Triglide 1.5 1.5 1.5
2M2P 25 2.5 2.5 2.5
PVP iow 05 15 1.5 0.5
Mw
15
Table 10
Ex.# | Form. | [Tween] (ppm) Temp (°C) Deblock
Ex. # time (min.)
62 58 850 75 10
63 58 10,000 70 10-15
64 58 0 75 20-22
65 58 850 22 10-15
66 59 850 85 3
67 60 850 85 6
68 61 : 850 75 18
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nmPDVB1. 71. 71. 71. 7 DVA3. 23. 03. 13. 2 PVPO. 60. 60. 60. 6 HEMAL. 00. 80.81.0

TEGDVAO. 20. 40. 30. 2 Nor bl ock0. 150. 20. 20. 2 CA 18500. 10. 10. 30.3
Triglidel.51.51.5 2M2P' 2. 52.52.52.5 PVP | ow 0.51.51.50.5 MV 15 Table 10 Ex.
#Form [ Tween] (ppm Tenp (C) Debl ock Ex. #time mn. 62588507510

635810, 0007010- 15 645807520- 22 65588502210- 15 6659850853 6760850856
68618507518 Mﬁ.ﬁ@l e 69 The Ienses of Exanple 59 which were debl ocked in

Exanpl e 66, were r 20 m nut es.
The | enses were TgB rangé erre ?thf)é ééora e%f%r@deggﬁl‘%g sol ution and
allowed to efqnhérlﬁydaﬂw rhcdenoatzedmwaaﬁﬁmtfoﬂzo moutes. Thedensessere were cl ear
and of t bec | enses. The, | e had a wat er

cont ent Af&@é)ﬁa"ﬁffé‘%f 'U&’%?fatgf’u Salﬁ"ﬁ S@ﬁ@ﬂ@afﬂcr W“(ﬂr‘ﬁ‘i?gu brateq a Dk of 61

barriers. Thegr btqesstaby@ra hBQH:”Cl'hb@ens@@\k@re%lea’%%dGPth@Qbr&Sé?tsﬁQ;Se @ngl e of 57
degrees. This indicates the lens 10 surfaces were substantially free of

| eachabl e hykf eqstastlepsest Ehei lanses had a water content of 43%, a modulus of 87
psi, an elongation of 175%, and a Dk of 61 barriers. The lenses were found to

have an advancing contact angle of 57 degrees. This indicates the lens
10  surfaces were substantially free of leachable hydrophobic material.

Example 70
The concave front curve portion of the lens mold from Example 61 was

placed into a sonication bath (Aquasonic model 75D) containing about 5%
15 DOE-120 in deionized water at about 75°C. The lenses deblocked from the

framé in 18 minutes.

Example 71 (use of an organic solvent
The concave front curve portion of the lens mold from example 61 was
20 placed into a sonication bath (Aquasonic 75D) containing about 10% of 2-
propanol in deionized water at 75°C. The lenses deblocked form the frame in
15 minutes. When Tween was used as the additive (Example 68) the deblock |
time was 18 minutes. Thus, the present example shows that organic solvents
may also be used to deblock lenses comprising low molecular weight
25 hydrophilic polymers.

EXAMPLE 72 (contains no low molecular weight PVP)

Silicone hydrogel lenses wee made using the formulation and

procedure of Example 58, but without any low molecular weight PVP. The
30 following procedure was used to deblock the lenses.

The concave front curve portion of the lens mold was placed into a
sonication bath (Aquasonic mode! 75D) containing about 850ppm of Tween in
deionized water at about 65°C. The lenses did not release from the moid.
The deblock time for the formulation which contained low molecular weight

35 hydrophilic polymer (Example 58 formulation) under similar deblock conditions
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Exanpl e 70 The concave front curve portion of the lens nold from Exanple 61
was placed into a sonication bath (Aquasonic nodel 75D) containing about 5%
15 DCE- 120 in deionized water at about 75C. The | enses debl ocked fromthe

frane in 18 nut es nple_71 (us an | vent) The, concave
front curve @G?T‘P@rﬁz %ﬁmm E‘N%e’\ﬁﬂdﬁsf%})‘ﬁ?%i@ﬁ’w%e% ot %E? Sibiced into a
soni cation bBEa‘h;ﬁe“Q\b%@Qﬂét‘HeB mﬁ@ﬁﬁn’ﬁt Bé B&Mﬁﬁedllﬁ%éfér ofily, mrpganol in

dei oni zed water "at 75C. ensés debl ocked formthe frame in 15 m nutes.
When Tvveen miaemula;tm vamouhecludiug tow/molesularweightdgyirophidic gelpmecik the i me was 18

m nut es. ' JI%@ present exanple shows that organic solvents may al so be
used to debI A Mses conprising | ow nol ecul ar wei ght 25 hydrophilic

pol yners.5 EXAMPLE 72 (contains no | ow nol ecul ar weight PVP) Silicone

hydr ogel | enses \‘\e made using the formul ation and procedure of Exanple 58,
but w t hout nol ecul ar wei ght PVP. The 30 follow ng procedure was

used to debl ock trhscbr%mﬁonﬁméwﬁ@wtﬁmng mioM frGin BRarhpIe72 Wast he | ens nol d
was placed into a sonication bath (Aquasonic nodel 75D) containing about

850ppm of Tvilagediinto @@n@awb@atmcwsmlc &%) containing apeut1B%¥2- di d not rel ease

f th t h t d |
TPl o ueTopanblgn AGELESHIVBATTR dbBhizbd ialePal 48! BB MM N COT &1 e | oW
simlar maEIdelocR@dlﬁrmlthmﬁarﬁa w(E(tlarﬁslminﬁ@s TB@IQJISBS Eﬂ/thepreamt 750%3 was 10
m nut e T S sent e SNno { cannot e
ot i shodnferinaBich gaMpt cania I moBe s eIBR I OmARIIS ROMRTRER: no I ow

mol ecul ar  wehedddbidexed 8hg hh aq@éaumerutuamcdmsw{gcwmbmeanven'é Exanpl e 73 The
concave front curve portion of the lens nold fromexanple 72 was pl aced

into a sonication bath (Aquasonic 75D) containing about 10% of 2- propanol
an organi.c s eionized water at 75C. The | enses 10 debl ocked form
the franme m%éﬂr#‘rin nutes. Thus, |enses of the present invention which
do not cthtain | bermulétoosland Iameg#verehpaﬁanﬁcotdmg toddxample 48abut with

varying amounts of photoinitiator (0.23, 0.38 or 0.5 wt.%), curing at 45°C with

Philips TL 20W/03T fluorescent bulbs (which closely match the spectral output
of the visible light used to measure gel time) irradiating the molds at 2.0
mW/cm?. The advancing contact angles of the resulting lenses are shown in

20 Table 11.
Table 11
Ex.# | Wt% | Advancing DCA | _Gel time (sec)
74 0.23 59 (4) 65
75 1038 62 (6) 57
76 0.5 80 (7) 51

25

Examples 77-79
Gel times were measured for the formulation of Example 1 at 45°C at

1.0, 2.5 and 5.0 mW/cm?. The results are shown in Table 12.

30 Table 12
Ex. # IntenSIty gel time (sec)
(mW/cm?
77 1 52
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be debl ocked usi ng an aqueous sol ution conprising an organi c sol vent.

Exanpl es 74-76 15 Fornul ati ons and | enses were nmade according to Exanple 49,
but with varying anmounts of photoinitiator (0.23, 0.38 or 0.5 w.%, curing
at 45C with Philips TL 20WO03T fl uorescent bul bs (which closely match the
spectral output of the_ visible |light used to neasure gel tine) irradiating
the nolds at 2.0 nmMNcp2. The apdvard ng lcont ac88angl es of the resulting

| enses are shown in 20 Tapde 101. Table |11 Ex. 34W %Adyanci n DCACel tine
(sec) 740.2359(4)65 750.3862(6)57 760.580(7)51 25 Exanples 77-79 Cel tines
were measured f orTHehesuite ofEkaHhpIes 7 Phréugh TS dhdl7PhrobBF 78'ompaed 2. 5 and 5.0
mV cnR. The results are_shown in Table 12. 30 Table 12 Ex. #lntensity gel
time (sec) n¥iteRramples BP-3agshowdhaas gebtimes ingreage, westability impeayes.s of Exanpl es
74 through 7 77 f N s 27-35, show that as
gel ti rresgi n?'r“gﬂgg',"%\k’gﬁ%ﬂ%]ﬁ’{e@ @%P@&%gonwghtfl’ﬁﬁée@gﬁ poi nts can be used,

i n coor di nat measwenknts ctotdetermine glitabie eisne rconditiorss, fot @giden polpmee sui t abl e cure

conditions fof  Salbn S &%tc}mﬁgtor system.

Examples 79-83 :
10 Reaction mixtures were made using reactive components shown in

Table 14 and 29% (based upon all reactive components and diluent) t-amy!
‘alcohol as a diluent and 11% PVP 2,500 (based upon reactive components).
Amounts indicated are based upon 100% reactive components. The reaction
mixtures were placed into thermoplastic contact lens molds, and irradiated

15  using Philips TL 20W/03T fluorescent bulb at 60°C, 0.8 mW/cm? for about 30
minutes under nitrogen. The molds were opened and Ienses. were released
into deionized water at 95°C over a period of 15 minutes. The lenses were -
then placed into borate buffered saline solution for 60 minutes and autoclaved

at 122° C for 30 min. The properties of the resulting lenses are shown in

20 Table 13.
Table 13
Ex. # 79 80 81 82 83
Components
SiGMA 30 30 30 30 30
PVP 0 1 3 6 8
DMA 37 36 34 31 29
MPDMS 22 22 22 22 22
HEMA 8.5 8.5 8.5 8.5 8.5
Norbloc 1.5 1.5 1.5 1.5 1.5
CGJ 819 0.25 0.25 0.25 0.25 0.25
EGDMA 0.75 0.75 0.75 0.75 0.75
Properties
DCA 122(8) | 112(6) 66(13) [ 58(8) 54(3)
(advancing) .
Haze 18(4) | 11(1) 13(1) 14(2) 12(1)
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formul ati on and photoinitiator system Exanples 79-83 10 Reaction m xtures
wer e made using reactive conponents shown in Table 14 and 29% ( based upon
all reactive conponents and diluent) t-amyl alcohol as a diluent and 11 %
PVP 2,500 (based upon reactive conponents). Anmounts indicated are based
upon 100% reactive conponents. The reaction mxtures were placed into

t her mopl asti ¢ corgblet!2|sbays that the additign pﬂ?\é%pm'ca'év._ qecreasePni | | ps TL 20W 03T
fluorescent Gitkdbt Aol Oks i 8s 1Y ddtfoal 1iddfhimidtonficifighonyaiash i Lrogen.

The nol ds were operfed and [ enses were re se wat er at 95C
over a peri otD%fndss littleas 3%. detraasks dyramiceontact ahgle bylahoetdb0%t o bor at e

buf f ered fal I ne solution for 60 mnutes and autoclaved at 122 C for 30 mn.
The propefties of the resulting | enses are shown in 20 Table 13. Table 13
Ex. #7980818e%mdleyguoggent s S| GVA3030303030 PVP01368 DMA3736343129
MPDMS2222222222 HEMA8. 58. 58. 58.58.5 Norbl ocl1.51.51.51.51.5

CG 8190. 250. 250. Siigoneshydsegetienpgsovers magsyisingdhey semponepfsdistadin es DCA

122(8) 112(6) 41l &9 %ﬁé%bmng(&&‘.@ﬂ@: ng) Hazel8(4)11(1)13(1)14 212(1)

The reactive components and diluent were mixed together at room

10 temperature in a jar. The jar containing the reaction mixture was placed on a
jar mil roller and rolled overnight.

The reaction mixture was placed in a vacuum desiccator and the
oxygen removed by applying vacuum for 40 minutes. The desiccator was
back filled with nitrogen. Contact lenses were formed by adding

15  approximately 0.10 g of the degassed lens material to the concave front curve
side of TOPAS® mold cavities in a glove box with nitrogen purge. The molds
were closed with polypropylene convex base curve mold halves.
Polymerization was carried out under a-nitrogen purge and was photoinitiated
with 1.0 mW cm? of visible light generated using 20W fluorescent lights with a

20 TL-03 phosphor. After curing for 15 minutes at 45°C, the moids were opened.
The concave front curve portion of the lens mold was placed into de-ionized
water at 95-100 °C. The lens debiock time is shown in Table 14. The lenses

were clear and of the proper shape to be contact lenses.

25 Table 14
Ex. # 84 85 86
Components
SiIGMA 30 30 30
PVP 6 6 6
DMA 31 31 31
MPDMS 21 21 21
AcPDMS 0 0 0
(n=10)

HEMA 925 1925 [9.25
Norbloc 1.5 1.5 1.5
CGl1 819 025 ]0.25 |0.25
CGl1 1850 0 0 0
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49 Table 12 shows that the addition of PVP dramatically decreases contact
angle. As little as 1% decreases the dynam c contact angle by about 10% and
as little as 3% decreases dynam c contact angle by about 50% 5 Exanpl es
84-86 Sili con&hv"mﬂnl l%nse usi ng the conponents listed in

Tabl e 14 and GEOMAY| | qu 3\\, pr de@durbY Thb reactive conponents and dil uent
were mixed tpHeCAMA at 18om @teEE:::re in ajar. The jar containing the
reaction m xtBiuve HEMApl aBed dDa |&Gr mi|l roller and rolled overnight. The
reaction m xfure was pl @aced ijn a vlacuum fdesi ccator and the oxygen renoved

by appl yi ng Vaoiwenf or #40.01 Nuoss. | 400 desi ccator was back filled with
ni trogen. Congmfgntb@ﬁﬁe>gvxlere Forned by pdding 15 approximately 0.10 g of

t he degassedTens arerial The concave front curve side of TOPAS(r) nold
cavities in aDgAuve uux %@L 155'(3 rge. The nolds were closed with
pol ypr opyl eng 8%1 & rv %)al ves. Pol ynerization was carried out
under a nitr c..n&u ‘5it ated with 1.0 mMWcnR of visible
li ght gener al-e¥¥Using 2 W@ 2 b hts with a 20 TL-03 phosphor.
After curing @%P'O‘i"jr'ﬁien%?‘es 8the holds were opened. The concave front
curve portionf™P) the |ens nolid wasl placed into de-ionized water at 95-100
C. The | ens Rientsdweightparisof diuemt: i n Table 14. The lenses were clear and of
the proper dhap.5%t-amylaicohaland Fide PVPABWFaRW) 14 Ex. #848586 Conponents
Si GVA303030 APx/BR560 Dam@ akbBdl anBRVISYd 2.821imeth AR SBoteBahydro-2(1H)-
5 pyrimidinone
G = 62.5% t-amyl alcohol and 37.5% ethyl-4-oxo-1-piperidinecarboxylate
Thus, Examples 84-86 show that a variety of release agents are useful
for improving deblocking.

10 Example 87
A reaction mixture was made using reactive components shown in

Table 15 and 42% (based upon all reactive components and diluent) t-amyl
alcohol as a diluent. The reaction mixtures were placed into thermoplastic
contact lens molds, and irradiated using Philips TL 20W/03T fluorescent bulb

15  at 50°C, 0.8 mW/cm? for about 30 minutes under nitrogen. The molds were
opened and lenses were released into deionized water at room temperature
over a period of 15 minutes. The lenses were then placed into borate
buffered saline solution for 60 minutes and autoclaved at 122° C for 30 min.
The properties of the resulting lenses are shown in Table 12.

20
Table 12
Ex. # 87
Components
SiGMA 0
PVP 7
DMA 25
MPDMS 48.6
AcPDMS 5
HEMA 12.25
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(n=10) 1 HEMA9. 259. 259. 25 Norbl ocl1.51.51.5 CA 8190. 250. 250. 25 CGE 1850000 50
EGDVAL. 01. 01. 0 TEGDMAOOO Bl ue HEMAOOO % Di |l uent. 40. 040. 040.0 Di | uent
conpEFG DCA53(3) 55(3)56(9) (advanci ng) Hazel5(3)22(2)16(2) Debl ock Ti ne358
mn Diluents (weight parts of diluent): E = 62.5%t-anyl al cohol and 37.5%
PVP (Mv = 2508prbioc= 62. 535 - anyl al cohol and 37. 5%
1, 3-di met hyl 18G1819 6-t et 0&2Bydrjo-2(1 H)- 5 pyrimdinone G = 62.5%t-anyl
al cohol, and W@%\m hyl {8:40x0-|1- pi peri di necar boxyl ate Thus, Exanples 84-86
show that a varrety of release agents are useful for inproving debl ocking.
10 Exanple 87 A reaction m xture was nmade using reactive conponents shown in
Tabl e 15 and 42% (based upon all reactive conponents and diluent) t-anyl
al cohol as aE . The reaction m xtures were placed into thernoplastic
contact |ens j ' US| by i ps TL 20W 03T fl uorescent bulb
15 at 500C, %@L%ﬁgmﬁ@%%&%@%@@s@ﬁ%ﬂ&@%ﬁ nder nitrogen. The nolds were
opened angl | ense9s\yaf Gelest MERE11 (Manod23asporgstopyi)sropytethiepom t enper at ur e
over a period of 15 mnutes. The es e then placed into borate
but fer ed_sal ERENIEH obamaltyisiigengl 1008 BVl o methdsodaag. 4389C for 30 mi n.
The proper t i ggbminaCand®5e2 § hjoh SRR IncHometiyeriwbrd 2ithBinddand

heated to 140°C with an air bubbler and with stirring for 2.5 hours. The

product was extracted with saturated aqueous NaHCO3 and CH;Cl,. The

10 CHCl; layer was dried over Na; SO, and evaporated to give 94 g of product.
HPLC/MS was consistent with desired structure:

0
| fo_ \CaHy
WHLO/\Q\O/\/\/S\& /S\')[w-15

15
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20 Table 12 Ex. #87 Conponents Si GVAO PVP7 DMA25 MPDMVB48. 6 AcPDVBS5 HEMAL2. 25
51 Norblocl.5 CA 8190.25 TEGDMAO. 4 Exanpl e 88 Preparation of nPDVS-OH (used
in Exanples 3) 5 96 g of Celest MCR-ELll (nono- (2, 3-epoxypropyl)-propyl ether
‘term nated pol ydi met hyl si | oxane(1000 MY), 11.6 g nethacrylic acid, 0.10 g
tri et hyl ami nWhatis @daiiedds hydr oqui none nononet hyl et her were conbi ned and
heated to 140C with an air bubbler and with stirring for 2.5 hours. The
product was extracted with saturated aqueous NaHCO3 and CH2ClI 2. The 10
CH2CI 2| ayer was dhbithedical délade fSieddfram avegudion mixiuteccogprisingda lgiglof pr oduct .
HPLC/ M5 was consi stent w th de irﬁ? stlruct u%cf: C;f~0~.~Si Si éo- 15 OH 15 52
What is clained i@o@?u'ﬂ"ﬁF'gﬁﬂwﬁfﬂg iy OyRET anef AR gectiveAmopRER@on i xt ure
conpri sing a hi ghyycrslyRfinkRinaiRidicohedsmaninitorderTer and an ef fective
anount of an 5 hyc?’r oxyl -functionalized silicone-containing nononmer. 2. The
bi onedi cal d8vi ceThgfbiometicalidenice obslaim hwhereinetbe ieffectvemmaunt of said d
hydr oxy! - funct i ongld 268l AbAdraRAS HROAGLAHAHnTHNBRor 52084, 8% t ©
about 90%
3. The biomedical device of claim 1 wherein the device is a silicone
10 hydrogel contact lens.
4. The biomedical device of claim 1 comprising about 1% to about 15%
_ high molecular weight hydrophilic polymer.
5. The biomedical device of claim 2 wherein the effective amount of
hydroxyl-functionalized silicone-containing monomer is about 10% to
15 about 80%. | |
6. The biomedical device of claim 1 wherein said hydroxyl-functionalized
silicone-containing monomer is a compound of Formuia | or Il

R R?
| [
R'—R®-C~R*-si-R®
R R
.
20
P oE R
R'—R®-C-R%—si—[0Si],-R®-C~R®-R’
&S R OR R
1l
wherein:
25 n is an integer between 3 and 35

R' is hydrogen, Cy.salkyl,

R?R3, and R*, are independently, Cy.galkyl, triCy.calkylsiloxy, phenyl,
naphthyl, substituted Cs.salkyl, substituted phenyl, or substituted
naphthyi
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about 90% 3. The bi onedi cal device of claiml|l wherein the device is a
si'licone 10 hydrogel contact lens. 4. The bionedical device of claiml
conprising about 1%to about 15% high nol ecul ar wei ght hydrophilic polyner.
5. The bionedi cal device of claim?2 wherein the effective anpunt of

hydr oxyl - f unct i orf4iere:thg adkyl sukstiients2rgisglestsd T aRe o BolgBeMbeBos to 15
about 80% 6. The bio | ki ' ' | d
hydr oxyl - f uncti onal i zgﬁﬁlé g'l%:uip%née'g@ ntfacﬁ'%l?h%pyé%ﬁrqgﬁgfcpesaﬁg"corrpound of
Formula | or Il R R2Ci4alkoxyRemifs-@ldgen JiydrixyReamoxyl, QQsalylcebord RS | 1 1 1
R7-Rs-C—R8-Si-[OSi]"-R8-{§-Rﬁ-R‘ R5 RAR4AR |l wherein: 25 n is an integer
between 3 and 35 R1 ignq'u gy g%?f’, Cl. 5al kyl, R2,R3, and R4, are

i ndependent |y, Clyhard thélarorhaticCdubSiuteyitsdré Seicted iBRYdne ormagrbt hyl , substituted
Cl6al kyl, substituted phenyl, or substituted naphthyl 53 where the alkyl

substitutents are sel ®eMBeErsiafdhe GRUP spnsiRing ohematiioxyCasboryhe group consisting
oot e hor ey o, ShERIG, TR Af cbagen. oo
substitutents are sel @gdathyichrbomyland formyltor e nmenbers of the group consisting
of CL.6al koxycar l?Q@rilsy é hydroxyl, an alkyl group containing one or more hydroxy!
10 groups; or (CHy(CR°R™),0),)-R"" wherein y is 1 to 5, preferably
1to 3, x is an integer of 1 to 100, preferably 2 to 90 and more
preferably 10 to 25; R® - R"" are independently selected from H,
alkyl having up to 10 carbon atoms and alkyls having up to 10
carbon atoms substituted with at least one polar functional
15 group,
R® is a divalent group comprising up to 20 carbon atoms;
R is a monovalent group that can undergo free radical or cationic
polymerization, comprising up to 20 carbon atoms; and
R8 is is a divalent or trivalent group comprising up to 20 carbon atoms.
20
7. The biomedical device of claim 1 wherein said hydroxyl-functionalized
silicone-containing monomer is selected from the group consisting of
2-propenoic acid, 2-methyl-2-hydroxy-3-[3-{1,3,3,3-tetramethyl-1-
[trimethylsilyl)oxy]disiloxanyl}propoxy]propyl ester, (3-methacryloxy-2-
25 hydroxypropyloxy)propyltris(trimethylsiloxy)silane, (2-methacryloxy-3-
hydroxypropyloxy)propylbis(trimethylsiloxy )methylsilane and mixtures
thereof.
8. The biomedical device of claim 7 wherein the effective amount of said
hydroxyl-functionalized silicone-containing monomer is about 20% to
30 about 50%.
9. The biomedical device of claim 7 further comprising about 10% to
about 40% additional silicone containing monomer, about 10% to about
50% hydrophilic monomers, and about 3% to about 15% high

molecular weight hydrophilic polymer.
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Cl. 6al kyl, Cl1. 6al koxy, am de, hal ogen, hydroxyl, carboxyl,

Cl sal kyl carbonyl and fornyl; R5 is a hydroxyl, an al kyl group cont.aini ng
one or nore hydroxyl 10 groups; or (CH2(CRORLD)yO x)-Rl11l whereiny is 1 to
5, preferabl 1 to0.3 x . is an integer of 1 to 100, preferably 2 to 90 and
mor e preferﬁ’oly"h@bt°tfi‘e£’!5>,a| deyice ﬁ?"’ﬁrgew}‘ﬁfféb ReMiCce s %é‘PéjE‘i’ﬁ YfromH,

al kyl having up §£¢l10 carbon atoms and al kyls having up to 10 carbon atons
substituted with at | east one polar functional 15 group, R6 is a dival ent
group conpr ii.ng The biomedzat devicerofataimd; wRereirstha hyoroxylfLretionglizedp t hat can

undergo free radigal or cationic ol ynmerization., cqmpti.sin p to 20 carbon
atons; and R8 issﬁgor’z?'(iﬂn\?)aérl"%anBPme’? & WOEFBW%%%M 'Qp?fgo‘“up to 20 carbon
atoms. 2@ 7. The ghisditlircatoutlei ce of claim 1 wherein said

hydr oxyl -functional i zed silicone-containing nmononer is selected fromthe

group consi sté ng The biomegicapdayisecof igim 1, wherein the high molecular weight
2- met hyl - 2- hydro Snbein el =
[trimethylsilyl ))gi?/r?gll'@:l '&é&@é‘i'ﬁ?@t&@ww’ﬁ%wn&t er, (3-methacryloxy-2 25
hydr oxypr opyl3oxy Ammethed of preparinigreebibipedicalaleyice icbmpasing triximg baighy | oxy- 3-

hydr oxypr opyl oxy) pr opy! bi s I pet.hyl si |l oxy) met hyl si. |l ane and, m xt ures
thereof. 8. The 0(5‘??\8.%[ yg!g%wg@m@potwnéqr "g%%%glegé'vr? R }of%ctive amount of
said hydr oxyl -f hpbkﬂﬂ#icti&%ﬁz@d LilicoPBRoARIHIRY MoREMBDIAdsRe alcapbout 20% to

30 about 50% 9. The bi onedi cal device of claim7 further conprising about
10%to about 40%¢ktaN 8ndauINGsald $dHONcont ai ni ng nononer, about 10%to about

Pydr oohi 116 sty IOt PycBd IR ron"D IaclRHbade thRpfing BHAH, 2, 1% fe'
device is a soft nmwacweighémgirqmmic pblymgjiaodmmectfabtimmmmt ofarcl aim 1,
e e ey bk A Ao RS RRR o o9 oo e @
15 156. The silicone hydrogel of claim 14 wherein said hydrophilic polymer is
selected from the group consisting of polyamides, polylactones,
polyimides, polylactams, functionalized polyamides, functionalized
polylactones, functionalized polyimides, functionalized polylaétams,
and mixtures thereof.
20 16. The silicone hydrogel of claim 14 wherein said hydrophilic polymer is
selected from the group consisting of poly-N-vinyl pyrrolidone, poly-N-
vinyl-2- piperidone, poly-N-vinyl-2-caprolactam, poly-N-vinyl-3-methyl-
2- caprolactam, poly-N-vinyl-3-methyl-2-piperidone, poly-N-vinyl-4-
methyl-2- piperidone, poly-N-vinyl-4-methyl-2-caprolactam, poly-N-
25 vinyl-3-ethyl-2- pyrrolidone, and poly-N-vinyl-4,5-dimethyl-2-
pyrrolidone; polyvinylimidazdle, poly-N-N-dimethylacrylamide, polyvinyl
alcohol, polyacrylic acid, polyethylene oxide, poly 2 ethyl oxazoline,
heparin polysaccharides, polysaccharides, mixtures and copolymers
thereof.
30 17. Thessilicone hydrogel of claim 14 wherein said hydrophilic polymer
comprises poly-N-vinylpyrrolidone.
18.  The silicone hydrogel of claim 14 comprising about 1 to about 15
weight% high molecular weight hydrophilic polymer
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12. The bionedical device of claim1l, wherein the high nol ecul ar wei ght

hydr ophi i ¢ nononer is poly-Nvinylpyrrolidone. 13. A nethod of preparing a

bi onedi cal device conprising mxing a high nolecular weight hydrophilic

polymer and an effective ampunt of a 10 hydroxyl-functionalized _

si | i cone- coni®i niThg silisaperbydregel pbelaima14 camaprisingAheuit 8to aBeid 1Suri ng sai d

solution. 14. A s}Ji : mép ction m xture conprising

a high nolecul aﬁ&é&rﬁgmgﬁbﬁggeggﬁéwélgﬁp ;J@Eﬁ@gﬁldﬁgeﬁ ef fective anount of an

Ey(cjir oxy: -f ]tcmztlb.i pﬂ&?isﬁiednshydrom_etjdﬂmm mhm;[g_ismy‘ahm' I t5 td_5bdtﬂ.12;l'het sijl :cconet )
ydrogel of claim erein. sai rophilic polyner is selecte romthe

group consi sting Y9 %WS@E&”&?’W‘JB@&P@Q'F PolyBI€)i mi des, pol yl act ans,

functi onasi zegl pofgafiicghe hydrg bf Q&A1 147K - isgse@nal i zed
pol yi m des, funcﬂhgnéligg?iy 6%%Fg(g?arrjs, %rﬁ@%rﬁydx'ﬁg’gw?ﬁgpeof. 20 16. The

si | i cone hydr ogelsiligpne-centaining manemsr is asearapaupdrodpatmula | pollyner is  sel ect ed
fromthe group consisting of poly-Nyinyl rrolidone, poly-N vinyl-2-

pi peri done, poly-N-vinyl-2-caprolact@m poly-Nvinyl-3-nmethyl- 2-

caprol actam pol y- N-vi nyl - 3- meRhyIRS2cpifergidgde, pol y- N-vi nyl - 4- net hyl - 2-
pi peridone, poly-N-vinyl-4-nmethyl-2-¢aprol Bgtam poly-N 25 vinyl -3-ethyl -2-
pyrrolidone, and poly-Nvinyl-4,5-di Ret hyIRZ- pyrrolidone,

pol yvinyli m dazol e, poly-N N-di methylacrylanide, polyvinyl alcohol,

pol yacrylic acid, polyethylene oxide, poly 2 ethyl oxazoline, heparin

pol ysacchari des, polysaccharides, m xtures and copol yners thereof. 30 17.
The silicone hydrogel of claim,14 whgrein said fydrophilic polymner

conpri ses poly-N-vinyl pyrroli bne. ) Si I'fcone hydr ogel of claim 14

conprising about 1 to abphLRQ_Q;_Rk.Lgh.LF@gqngker@Lgéuﬂ;hr wei ght hydrophilic
pol ymer 55 19, The silicone hyidrogell,of gf'ai m 14 conprising about 3 to about
15 wei gh®% hi gh nol ecul ar vvei%ht h\‘]?dropﬁﬂi lic 'E)ol ynmer. 2D. The silicone
hydrogel of claim 14 conprising about p to about 12 weight% high nol ecul ar
wei ght -hydrophilic polynmer. 5 21. The 'silicone hydrogel of claim 14 wherein
sai d hydroxyl -functonalized

wherein:
n is an integer between 3 and 35
15 R' is hydrogen, Cy.galkyl,

R2,R?, and R*, are independently, Cy.salkyl, triC+.calkylsiloxy, phenyl,
naphthyl, substituted C1.galkyl, substituted phenyl, or substituted
naphthyl

where the alkyl substitutents are selected from one or more members

20 of the group consisting of Cs.salkoxycarbonyl, Cqgalkyl,
C1.salkoxy, amide, halogen, hydroxyl, carboxyl, Ci.salkyicarbonyl
and formyl, and

where the aromatic substitutents are selected from one or more
members of the group consisting of Cy.galkoxycarbonyl,

25 C1.galkyl, Cy.galkoxy, amide, halogen, hydroxyl, carboxyl,
C1.galkylcarbonyl and formyl;

R® is a hydroxyl, an alkyl group containing one or more hydroxyl
groups, or (CH2(CR°R'%),0),)-R"! wherein y is 1 to 5, preferably
1 to 3, x is an integer of 1 to 100, preferably 2 to 90 and more
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silicone-containing nmononer is a conpound of Formula | or 11 R R2 7_6- 1
-8 13 RRCRS-R 1110R1R2RR5 181121 RT-R'-CR
-Si-[CSi]n-R-CR-R FIkl Flkda 1 11 WR 11 wherein: n is an integer
between 3 and 35 15 Rl is hydro%&r;lFRg ClnBalkyl, R2 R 3, and R 4, are

i ndependent |y, Cl. 6alPksferably10de siefeRgepgndenty selecethiReRyl, substit ut ed
G . 6al kyl, substitut I I [ t he al kyl
y %ggltﬁ}tebgmpru 8" 0% 8Rdhididth&and n@ggé}h?}g!&g (V)L??d 0 y

substitutents are sel m one or nore me t he group

consi sting of Cl. 6al kerbpoatdmumsubstit@tedarithiat least aie palaidunstionaii de, hal ogen,
hydroxyl, carboxyl, C1l.6al kylcarbonyl and fornyl, and where the aromatic
substitutents are seME™Ped fromone or nore nenbers of the group consi sting

of O . 6a$koxycarRomrya divaldf drbug edriptlsing@h t620kamon atdthste, hal ogen, hydroxyl,
carboxyl, O -r,a] kylcarbonyl and fornyl; R5 is a hydroxyl, an alkyl group
contai ni ng one dr if@rmeoNgyalealgroup W&Eﬂf&?”%fgo(f@f@@at@f@k)/@'?)- R' wherein y

o5 an"ror e o o eFahotRn ool 20%th shrhOaldl, Pr oLy 7 Lo
H, al kyl havi ngR8ip atdivaledt oratribaientagreupscommpiisiagluplts 26 @arbog atgpms.o 10 car bon
atoms substbbut eff Wit BnghydrS§8 of S5 PLWRErehn thS b8 anBuBtsr °

10 hydroxyl-functionalized silicone-containing monomer is about 20% to
about 50%.

23. The silicone hydrogel of claim 21 wherein said hydroxyl-functionalized
silicone-containing monomer is selected from the group consisting of
2-propenoic acid, 2-methyl-2-hydroxy-3-[3-[1,3,3,3-tetramethyl-1-

15 - [trimethylsilyl)oxy]disiloxany!}propoxy]propy) ester, (3-methacryloxy-2-
hydroxypropyloxy )propyitris(trimethylsiloxy)silane, (2-methacryloxy-3-
hydroxypropyloxy)propylbis(trimethylsiloxy)methylsilahe and mixtures
thereof.

24.  The silicone hydrogel of claim 14 further comprising at least one

20 additional silicone containing monomer.

25.  The silicone hydrogel of claim 24 wherein said additional silicone
containing monomers are selected from the group consisting of amide
analogs of 3-methacryloxypropyltris(trimethyisiloxy)silane; siloxane
vinyl carbamate analogs, siloxane vinyl carbonate analogs, and

25 siloxane containing monomers, combinations and oligbmers thereof.

26. The silicone hydrogel of claim 24 wherein said additional silicone
containing monomers are selected from the group consisting of
3-methacryloxypropyltris(trimethylsiloxy)silane,
monomethacryloxypropyi terminated polydimethylsiloxanes,

30 polydimethylsiloxanes,
3-methacryloxypropyibis(trimethylsiloxy)methylsilane,

methacryloxypropylpentamethyl disiloxane and combinations thereof.
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5 R6 is a divalent group conprising up to 20 carbon atons; R7 is a

nonoval ent group that can undergo free radical or cationic polynerization,
conprising up to 20 carbon atons, and RBi s a divalent or trivalent group
conpri sing ug to 20 carbon atons. The silicone hydrogel of claim 14
wherei n the &7 fecTha/ehc&neamiroge'oielawa‘i whetein said additieral sitepne

silicone-cont ai n'@ﬁ@ﬁg%%h’%“aﬂgwegm% Fﬂfaunc e 0‘5@%00?”50 Jé]ﬁhts' | i cone

hydr ogel of cl ai rern sail roxy |on i ze
silicone-containl%g nnnoner S selected fromthe group consisting of
2- pr openoi c

[trinmethylsi ?§| )omﬁ %Xi’ﬁ?é]gﬁa}éﬁ‘bi }Vﬁ?%éwé@é&%ﬁo"a[ Q?b?%!icrlyllgxy 2-

hydr oxypr®py| OXY)dUn@Mh%ﬁioﬁéﬁkrsrﬁi‘é Besent!iP &b aAridud6f abbdt Tt abRGT Y| OXy- 3-
hydr oxypr opyl oxy)é)gr opyl bi s(trimethyl siloxy)methylsilane and m xtures

thereof. 24. The ®%i cone hydrogel of claim 14 further conprising at |east

one. 20,201 bh onatneokdoheFaaRicRbR s BRBRITPLid AluiicHaPsinboone My drogel o

cl aim 24 wherein sai I cone  con nononmers are sel ected
fromthe group cosomtatingimonbmers aie presertlimgs anfount of about 10 to about

3- et hacryl ozypro tris(trinethylsiloxy)silane; siloxane vinyl carbamate
anal ogs, sil oxane™Pnyl carbonate anal ogs, and 25 sil oxane contai ni ng

NDNONEr S10 COBb) natHéJQWcoﬂé'ﬁydﬂo atwaéﬁn 10RARET compteing A1 feati briecone hydrogel of
claim 24 wherein said additional silicone containing nononers are sel ected

from the group cdweraephiliggasomer.

3-neth I [ | ' ' ' : I
Cermi nat od palya e PoDs Pl ERRY bein) SN of AT BFE RRFOAAR Pr oY
3- et hacryl oxypr dpgmduhs‘(aorripmieemgtllea'su omeygangicigrosp, Ivanykgroup or a

met hacr yl oxypr opy. nt h ?ﬁjl si |l oxane and conbi nati ons thereof. 57 27.
SRR e

The silicone hydr 24 wherein said additional silicone
cont ai ni ngy MBRAONETHE siicdon® hedrogél of tlaian3 Awherein id chyuc gmmlhas&ﬁeV\Bi ght 28. The

silicone hydrogel_ of cl er ei addItIO I,cone 5 cont aining
nmononers are pr esfgﬂ?“ p G%g&éwwheﬁkﬁiugmseﬂ or Qb ar@;bz%s Gor

33.  The silicone hydrogel of claim 30 wherein said at least one hydrophilic

monomer is selected from the group consisting of

20 N,N-dimethylacrylamide, 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2-hydroxyethyl methacrylamide, polyethyleneglycol
monomethacrylate, methacrylic acid, acrylic acid, N-vinyl pyrrolidone,
N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl
formamide, N-vinyl formamide, hydrophilic vinyl carbonate monomers,

25 vinyl carbamate monomers, hydrophilic oxazolone monomers,
polydextran and copolymers and combinations thereof.

34. The silicone hydrogel of claim 30 wherein said at least one hydrophitic
monomer comprises at least one polyoxyethylene polyol having one or
more of the terminal hydroxyl groups replaced with a functional group

30 containing a polymerizable double bond.

35.  The silicone hydrogel of claim 34 wherein said at least one hydrophilic
monomer is selected from the group consisting of polyethylene glycol,
ethoxylated alky! glucoside, and polyethylene polyols having one or
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29. The silicone hydrogel of claim24 wherein said additional silicone
contai ni ng nononers are present in an anount of about 10 to about 40% 10
30. The silicone hydrogel of claim14 further conprising at |east one
hydrophilic monomer. 3.1. The silicone hydrogel of claim 30 wherein said at
| east one hydr ophioré termirehpoiymerizabisralefiic groupskanded teetha@olyethylegeoup, vi nyl
group or a conblnﬁtlon thereof. 15 32. The silicone hydrogel of claim 31
wherein said acr9 group has the fornmula CH2=CRCOX, where R is hydrogen

or Cl-6al kyl3sandTke Bﬁic&he@iydrd‘del émanr'ﬁrw whdreincaid drieasogrl hyarophiligi m 30 wherein
said at | east one hydrophil mer i s se|ect e%&romthe group consi sting

of 20 N, N-di net hsnoaemyr &rﬁelfétedé[qqi/ SHOuR FRNSIsHRg ANy | at e, gl ycerol
met hacrylgat e, Bmtﬁsﬁa&glaaﬁlden%p kydfTeha Jue%fw&neg' ycol

nononet hacryl ate ylic ac acrylic acl vi nyl pyrrolidone,
N-vi nyl - N- met hyl metfecayiite - hydmyemyl me&tanwlanadeﬂ\hwmdeyrrdﬁdommyl N- et hyl

formam de, N-vinyl, formam de dro V arhgnat e. nonpners, 25 vinyl
car banat e nonone g'ye‘ﬁy'aP?f‘Bm m(Q, gf%!r?ge mf%aﬁ@'?gac'gp%qﬁﬁe%ﬂfan and

copol yners and cgﬁ@bmb.hgmstuh@é@fof 34. The silicone hydrogel of claim 30
wherein said_at | east one hydrophilic nononmer, conprises at |east one

pol yoxyet hyl3éne pbe §$F°WWFFR9%‘PT§'Q¥F‘ 30rvhesein saidratlepst oRemdraphiic oxy | gr oups
repl acedgwi th a a pol yneri zabl e doubl e bond.
35. Theqs(,)i i cone%gﬁ%g%dﬁ@g ai m 34 tﬁ%’?’?ﬁ‘?\&ga. d at |east one hydrophilic
mononer is $8| ecThel slicane hydoggtofgain @svhereingaidfat leastyanethydeaphiligl ycol |

eLnoxy |t 0 o P B e SRS R e o7 58 ore
36. The si | i38pneThy dilicgrd hydfogel oficlaid BOwtesrein Saigait idasttonlecrgydtophiie hydr ophi li ¢
2~ hydr oxyet yl - nEERIEE] FEAEEnUN ARG O aBOHE PRPAED et oxyet byl
met hacr ylisamigge, fhd smydritydrRIgeréitaim 30 wherein said at least one hydrophilic
monomer is present in amounts of about 10 to 50 weight%.
41.  The silicone hydrogel of claim 14 comprising about 1 to about 15
weight% high molecular weight hydrophilic polymer and about 5 to
about 90 weight % hydroxyl-functionalized silicone-containing
20 monomer.
42.  The silicone hydrogel of claim 14 comprising about 3 to about 15
weight% high molecular weight hydrophilic polymer and about 10 to
about 80 weight % hydroxyl-functionalized silicone-containing
monomer.
25 43. The silicone hydrogel of claim 15 comprising about 5 to about 12
weight% high molecular weight hydrophilic polyrher and about 20 to
about 50 weight % hydroxyi-functionalized silicone-containing
monomer.
44.  The silicone hydrogel of claim 14 further comprising O to about 80
30 weight % at least one additional silicone containing monomer.
45.  The silicone hydrogel of claim 14 further comprising about 0 to about
70 weight % at least one hydrophilic monomer.
46.  The silicone hydrogel of claim 44 comprising about 5 to about 60
weight % of said at least one additional silicone containing monomer.
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pol yet hyl enegl ycol nononethacryl ate, nethacrylic acid, acrylic acid and
conbi nati ons thereof. 37. The silicone hydrogel of claim30 wherein said at
| east one hydrophilic 10 nonomer conprises N, N-di methyl acryl am de. 38. The
silicone hydrogel_of claim30 wherein said at |east one hydrophilic nononer

i s present i #7anmdbetsicone byssogel of clgin b gempuisingalaut 99 teaboutA@ sili cone
Lo ML : . oY !
oY esent i amunticidt B Ed'aPRas! Bl AdGfGhal MM BRERNG ionpFBRCTEE |0

hydrogel of 48ai rmMhaGilicbres keydrogelioficlaim ¥ asmpusieg abailst Spdnabout 60 mononer i s
present in amounts.qf ,about 10 tq 50 Il ght % 41. The silicone hydrogel of
claim 14 conprisi q’gf/gafsaid ?Heéﬁ&ﬂ@ h\i?@m%&@? GREBRT-gh ol ecul ar wei ght
hydrophi | §c pe! ynﬁ%_ﬁi&@n@?&ﬁ%&gé of Blairf 9 eémBsiNePattik 1640 about 50

hydroxyl -functionalized silicone-containing 20 nononmer. 42. The silicone
hydrogel of cl ai meight§oginaidatigastionathydropbiiamenemes wei ght % hi gh nol ecul ar

wei ght hydrophi | i 0 . | 2%,

hydr oxyl - f ungé?’i Or@ﬁ@@éﬁ%ﬁ)@@@%?@émgc&ft‘rﬁ)&ﬁﬁ%ﬁ%ﬁb‘@éﬂ}@gfhe silicone
hydr (r)]gelh gf clha: mighbmolecgin weight I‘Ejﬂmﬂhiliﬁ pblynmhgtbbuﬂ&to amugﬁm % hi gh nol ecul ar
wei ght hydrophilic, yner out.20.to abqut. 50 wei ght_ %

hydr oxyl - f unct i pﬂ’fﬁ'&gtlé’dggmx?@'g'ﬂap@ahf%iﬁ'ﬂcﬁﬁe c?fﬁﬂ'awgr".’onﬁ’m%rfﬁnte silicone
hydrogel 1@f cl ai mbadt d0uNdiRPs SQIMRIrIaP Silicbn@ cbﬁta&h@oﬁ&ner%dmbght % at | east
one additional silicone containing nononer. 45. The silicone hydrogel of

clai m 14 further abewifid weight %hydiopbilic moapmet. 70 wei ght % at | east one

hydr ophi lic no o i 1L | ri sing about
5 to about 60 mﬁéﬁf'é&geoa s%é%ogglg{ﬁggg%ﬁ%%ﬁotu?g%at aéﬁ‘ftﬁgg%ge cont ai ni ng
nmonomner. 59 47. Tigh molecdameeightdrydohiliopolymer;rabédt thtorabosti 80g about 10 to

o 40 . " R hgleP oo oS RB o 215, 0 2 L9,
60 weighd % of BbG 6O weigRss addittonay silicopBicbhiaininyvaomsmerand$.to The silicone
hydrogel of clai i85 cwhht % Rarophme monomer. 2>t 20
52. The silicone hydrogel of claim 14 comprising about 5% to about 12%
high molecular weight hydrophilic polymer; about 20 to about 50
weight% hydroxyl-functionalized silicone containing monomer; 5 to
20 about 60 weight% additional silicone containing monomer and 50 to
about 60 weight % hydrophilic monomer.
53. The silicone hydrogel of claim 14 comprising about 5% to about 12%
high molecular weight hydrophilic polymer; about 20 to about 50
weight% hydroxyl-functionalized silicone containing monomer; 10 to
25 about 40 weight% additional silicone containing monomer and 10 to
about 50 weight % hydrophilic monomer.
54. The silicone hydroge! of claim 14 wherein said hydrophilic polymer has
a weight average molecular weight of at least about 10,000 daltons.
55.  The silicone hydroge! of claim 14 wherein said hydrophilic polymer
30 comprises at least one cyclic moiety along a backbone portion of said
hydrophilic polymer.
56. The silicone hydrogel of claim 14 wherein said hydrophilic polymer is
selected from the group consisting of polymers comprising cyclic

amides, cyclic imides and combinations thereof.

60



wei ght % of said at | east one hydrophilic nmononer. 50. The silicone hydrogel
of claim 14 conprising about 1 %to about 15% hi gh nol ecul ar wei ght
hydrophilic polynmer; about 5 to about 90 wei ght% hydroxyl-functionalized
silicone containing nmononer; 5 to 10 about 60 wei ght% additional silicone
cont ai ni ng mBAomeAN maa‘mtcaevaboqmpmg/\reegmcone hyig'ﬂ@@mfc'aitn mbnoner. 51. The

ol coular werbe RYGPOIARE) £eper G TR ompobd A Anditd] o o

hydr oxyl - f unct i onghamr&ohtdct &Reofdesstthamabsut 7ononer; S to 15 about 60
wei ght % addi tional silicone containing nononer and 5 to about 60 weight %

hydr ophi | i ¢ #8nonkhe. opbthalmia &device of slaém By durthes comprisingi an adyageifgr i si ng about

5% t o about 12% Iar Llic polyner; about 20 to
about SOOéJWEI ght0 H%F&D?{)ﬁ% ?ﬁ\;ﬁ%%q irgéggq?gpcone cont ai ni ng nononer; 5 to
20 about 60 gei ghth¥opethalnhie rddvice ok LigienS7 ﬂ@mbaccsmmmg)eﬂéf&aboaﬂ&méo to about
60 wei ght % hydr cghl lic mononer. 53. The silicone hydrogel of claim 14

conpri si ng about %oweerbemarﬂmreﬁkga t'ﬁ\?l‘é@&l%’l’ﬁt muﬁﬁﬁeWF@Bﬂl lic polymer;
about 20 to about 5%8 t mea/ﬁnhtﬁ%ﬁﬁ%éﬁfakl&ﬁ J0¥erged silicone containing
a

mononer; 10 to 2?" ti on St 11 cone containi ng nonomner
and 10 to abbut The QpbthghmanYehgejofmmISBcfunﬂmmHmnng a Miodulg$ bf cone hydr ogel

of clai 4 wherein,said h gphilic polyner has a weight average nol ecul ar
wei ght g&at | ea ‘?sséﬁ%h%’%%%ag daltons. 55. The silicone hydrogel of claim

14 wherein sg2.d hykl egntdimi dwlcyraeélauaﬂs&mmét@cﬁﬁprmnglaees&eredsrﬂemycl ic noiety
al ong a backbone portion of said rophlllc pol yner. 56. The silicone

hydrogel of cl ai rhewem@%ﬁwwaw %phi | i c pol ymer is selected fromthe
group consi sg3ng 1@k daﬁih‘émﬁéﬁeﬁé‘é'&rdﬁrh%fﬁm%'cﬁlrngg g%swatéry&hleﬁt' m des and

conbi nati ons thereof An opht hal m c dev nprising the silicone
hydrogel of cl ai rhe.MBen abgut 2hendoahout®atec | device of claim57 further

P 18 284S BRI ocaN oS KB Sobodiog el Bofi 100 50
between about 25 and about 40%.
65.  The ophthalmic device of claim 60 wherein said tear film breakup time
is at least about 7 seconds after about 7 days of wear.
66. A method comprising the steps of (a) mixing reactive components
20 comprising at least one high molecular weight hydrophilic polymer and
an effective amount of at least one hydroxyl-functionalized silicone-
containing monomer and (b) curing the preduct of step (a) to form a
biomedical device. ' '
67. The method of claim 66 wherein said biomedical device comprises an
25 ophthalmic device.
68. The method of claim 67 wherein said ophthalmic device is a silicone
hydrogel contact lens.
69. The method of claim 67 wherein said reactive components are mixed in
the presence of a diluent to form a reaction mixture.
30 70. The method of claim 69 wherein said diluent is selected from the group
consisting of ethers, esters, alkanes, alkyl halides, silanes, amides,
alcohols and mixtures thereof.
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5 dynam c contact angle of |ess than about 600. 60. The ophthal m c device of
claim57 further conprising, after about one day of wear, a tear film break
up tine of at |east about 7 seconds and an oxygen perneability of at |east

about 50 barrers. 61. The ophthal m c device of claim58 further conprising a

modul us of 720 | Fhe metacd eftutaiin 630vhEsein s6id. dillibret sefdttdufrom ¢thedgreupe of cl ai m 58
further conprisi ng a wat er, cont ent gtvveen aﬁ)out 10 and about 60% 63. The
opht hal ni ¢ devi c&ORstRgamides alcghels 8pd Mixiuresdhetgofa water content bet ween

about 20 and7Abothe Hhod diim CBVEABN S df EnidRIcSg e b > S8 fur ther

conprising a water content between about and about 4%% 65. The
opht hal mi ¢ deV| c eonsistingaf segmdaryang tertion aicqf@Lsral’le mixtusestiergdftine is at

| east abaqut t r od conpri sing
t he stepg}lof ?nggrfeﬁﬁg%@é%%&é erggﬁéﬁt@u%%&eﬁgﬁ gﬁrfggéé] | east one high
mol ecul ar wei ght cbr)sikrtmgluf tsthpdrbiuira, ethytlaceaste ohéthgl lastatearpropyl of at | east
one hydroxyl -functionalized siljcone- ‘glnta ni nggm)nome and (b) curing the

product of step ragjate. £ thyleng ehlorige oactametayicudotekgsilogane ﬁﬂﬁetﬁﬁlt hod of claim 66
wherein said bi ofgeiafRde, gﬁﬂétﬁ)q qﬁ{%aaﬁnéﬁﬂg\“ fopicimife ,?gw ce. 68. The

met hod of claim67 wheréin sal I'mc ce Is a si ne hydrogel
contact |ens. 69pyrr¢h§ilrmemutuca‘stmrabmr@mmmfrartyaqfmerfeaagomgemttbrrponents

are mxeghin f a diluent to forma reaction m xture. 30 70.
B o o 8BRS Eb)

The net hod o n said diluent is selected fromthe group
consi sting of4.et Tae snetiest efrctaimdl eteeein saldidillertabmpeises atilbasiene ami des,
al cohol s and m xt es thereoI?e 51 ﬁ {g nmet hod of claim 69 wherein said
di luent sel ected?@ B?il]h.aw@g&tt Bt ° €ReR 8OMSy ani des, al cohol s and ni xtures

thereof. 72. 75rheTﬁBHtQﬁboOéfdfduﬂ'?ﬁ‘v@%réiﬁ%éi@'d’luérﬂ'c@rr@'nbé!eéltleés‘?|oﬁ§t' ng the group
consi sting of secondary and tertiary al cohols and m xtures thereof. 5 73.

The method of cl alceheldayngaéleasiaearbend atems. sel ecting the group
15 76. The method of claim 69 wherein said diluents are inert and easily

displaceable with water.

77.  The method of claim 69 wherein said diluent comprises at least one
alcohol selected from the group consisting of tert-butanol, tert-amyl
alcohol, 2-butanol, 2-methyl-2-pentanol, 2,3-dimethyl-2-butanol, 3-

20 methyl-3-pentanol, 3-ethyl-3-pentanol, 3,7-dimethyl-3-octanol and
mixtures thereof.

78.  The method of claim 69 wherein said diluent is selected from the group
consisting of hexanol, heptanol, octanol, nonanol, decanol, tert-butyl
alcohol, 3-methyl-3-pentanol, isopropanol, t amyl alcohol, ethyl lactate,

25 methyl lactate, i-propyl lactate, 3,7-dimethyl-3-octanol, dimethyl
formamide, dimethyl acetamide, dimethyl propionamide, N methyl
pyrrolidinone and mixtures thereof.

79. The method of claim 69 wherein said diluent is selected from the group
consisting of 1-ethoxy-2-propanol, 1-methyl-2-propanol, t-amyl alcohol,

30 tripropylene glycol methyl ether, isopropanol, 1-methyl-2-pyrrolidone,
ethyl lactate, N,N-dimethylpropionamide, dipropylene glycol methyl
ether and mixtures thereof.

80. The method of claim 69 wherein said diluent is present in an amount
less than about 50 weight %, based upon the reaction mixture.
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consi sting of tetrahydrofuran, ethyl acetate, nethyl lactate, i-propyl

| actate, ethylene chloride, octanethylcyclotetrasil oxane, dinethyl

formam de, dinethyl acetam de, dinethyl proplonam de, N nethyl

pyrrolidi none m xt ures thereof and m xtures of any of the forﬁgoi ng with 10

at | east one8hl cdhgimethed of piaimG8mhiegein said | diuent siprgpentdn an 3aENYi | uent
conprises at | eagds QR a2 glgﬂf"%(bﬁﬁadﬂ} oh8RE FeactiG edtons. 75. The

nmet hod of claim 71 whereln sal uent orrprl ses at least one al cohol
havi ng at | e82t @GheanelodsofaiaimE9 werels sailfldduerd ihwrdserft icamamogst wher ei n sai d

diluents are inert, and easi di. s e t h, wat 77. The nmethod of
cl aim69 wherein bSM gl P\flte{rq/a@cﬁpﬁm g@@ggbtégg%e[d ‘{Pr?g%%fe@(%?ﬂ sel ected from
t he groups consi stm,ﬂgreof tert but anol, tert- arryl aI cohol, 2-butanol,

2- met hyl - 2- pent anol , 3-di met hﬁl - 2- hut anol , met hyl - 3- pent anol ,
3- et hyi - 3- pefd-andhe n@tm%nfmrnﬁ M@B&‘!'ﬁéﬁgld"%ﬁmlswtﬁfﬁﬁ'@ﬂe?hereof 78. The

met hod of claim gan\gFﬁﬁib&}dﬁ%h afly E%‘ﬁ'{%crc@s ﬁ:‘?th‘éP#cﬁﬁ’p s%QK@(}fr?rﬁP% up

consi sting of he ano nonano eca - but yl
al cohol, 3-net hylsalﬂ-lqmsrfrmalmold moﬂndpwid)lenSWaarwtedadndddblhydratr‘rgyl | actate, 25

met hyl | act at e, | act.at.e hyl oct anol , di net hyl

f or mani de, di metﬁ 'B ei”g?ﬁeﬁ‘eb t"lif’tﬁﬁ%zw gﬁ)a{%ﬁﬁ f % RAREWS |
pyrrolidigmone andom:dﬁslwmam &dm;rrgefwat&%s aTéubs@mQGrr%neﬂtal m 69 wherein said
diluent is selected fromthe group consisting of 1 -ethoxy-2-propanol, |

- met hyl - 2- pr&bendhe "’Eaféﬁﬁﬂfclﬂ"ﬁﬁﬂé‘lhefe"?;@a'ﬁ W%S‘t"%m')@\#@ fgthesol net hyl et her,

| sopropanol , 1- ethyl lactate,

N, N- di et hyI prowﬁéﬁéhs%aw%gpédggﬁpgﬁre gl ycol nmethyl ether and m xtures

t her eof . 80. 85The The nieslibdodf ctaim iBAwb@rei saie icuringais dooducteshtia heatpr esent i n an

The method of ol SRTRE ReVERra TIBRITE s coent i an amount I css
than abolg 485.weiThbméthuisafdiaim 84 wheeein eaig turiny igicshducted idirrabigtionet hod of
claim 69 wherein said diluent i sent .in an anp bet ween about 10 and
about 30 wei ght %CB'QBQFS[J‘HBH"Q ﬁ@g)@@plpéﬁlplahon and salcﬂnttlator comprises
at least one photoinitiator.
87. The method of claim 86 wherein said radiation comprises light having a
wavelength of about 200 to about 500nm and said initiator is selected
20 from the group consisting of aromatic alpha-hydroxy ketones,
alkoxyoxybenzoins, acetophenones, acyl phosphine oxides, mixtures
of tertiary amines and diketones, and mixtures thereof.
88. The method of claim 86 wherein said initiator is selected from the
group consisting of 1-hydroxycyclohexyl phenyl ketone, 2-hydroxy-2-
25 methyl-1-phenyl-propan-1-one, bis(2,6-dimethoxybenzoyl)-2,4-4-
trimethylpentyl phosphine oxide, bis(2,4,6-trimethylbenzoyl)-
phenylphosphineoxide, 2,4,6-trimethylbenzyldiphenyl phosphine oxide
and 2,4,6-trimethylbenzyoyl diphenyiphosphine oxide, benzoin methyl
ester, combinations of camphorguinone and ethyl 4-(N,N-
30 dimethylamino)benzoate and mixtures thereof.
89. The method of claim 84 wherein said initiator is present in the reaction
mixture in amounts effective to initiate polymerization of the reaction

mixture.
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5 mxture. 83, The nethod of claim®69 wherein said diluent is water soluble
at processing conditions and said process further conprises (c) renoving
said lens froma nold in which said | ens was cured and (d) hydrating said

| ens, wherein both steps (c) and (d) are perfornmed in aqueous 10 sol utions
whi ch conpri%¥e wihemeshwdof<lairnBdmtierdin saidinitiaten is present imthe reacticdd of cl ai m 69
wherein said reactjon.mxture furth ri,ses .at, |l eas initiator. 85.
The net hod of cl H\'Wrgdn mgpgt]séroghqb&ﬁéw ;fcﬁggﬁ’%&g\%ﬂg’&t&eé%ngpgﬁﬁeat, exposure
to radiation or gpérogeid Reicti@cdmsonents. 15 86. The nethod of claim 84 wherein
said curing is conducted via_ irradiation, conprises ionizing and/or actinic
radi ati on arfd- safl e methadaf slaim Sfwhetady saig cuningiscopdicted e Mﬁsﬁ?fec iator. 87. The
met hod ofg claim g twg%ﬁﬁjoﬁ said radi ation conprises |ight having a

wavel engt h of about §C0 about 500nm and said initiator is selected 20
fromthe grd® cdhemethadpfciaimi93werein sdig itidterctompyiskei-ones,

| k b ins, t gph | ph ' iLd ' f
erti ary am nos HRORBEBREALARINLAHhe, BRRREP bR B et hod of claim
86 wherein said irﬁﬁétrh)apafwlipaogﬁiirfemxﬁéa‘naqﬁmmthare@lﬂ.p consi sting of
1- hydr oxycycl ohexyl phen ket one, 2-hydroxy-2- 25 nethyl -|-phenyl - propan-|
-one, bis(2,%di Qﬁmfmﬁﬂhﬂeﬂ‘ $9id indtiaton geEpriges bis@4:bri ne oxi de,

bis(2,4,4-trimet ~ W jpeoxi de,

2,4, 64r i@et hyl beﬂ%@%ﬂ%@l? pgﬂ@@éhl ne oglzdg'e and 2,4, 6-trinmet hyl benzyoyl

di phenyl phos#hi n&heriedtend dielziros 83 whereinl saidreaetive coompmnests ifurther of

canphor qui none and et hyl f %{\I Nnﬁ\g gi net h¥l ani no) benzoate and m xtures
thereof. 89. The®ffERY a& eazt oo,y 84 %@P% PR i nitiator is present in the
reaction migd ur Fhé mettvodLofickira ofl adlereiresdid curing step & donpbydied atzaeiren of the
reaction mxture. 63 90. The nethod of c 4 ,wherein said initiator is

: [
present in the r 48] etwﬁFQlaBP‘éoﬂna’bgrﬁﬂS’H{émrw about 0.1 to about 2 weight

percent qgasegs, URAEmeMdd of RRtfrh oY WheRIPEIEBliring fdp is oRdIRéDach QfreC! ai M 86
wherein said curing is conducted via visible
intensity of between about. 0.2 mW/cm? to about 3 mW/cm?.

97.  The method of claims 95 wherein said curing step further comprises a
cure time of at least about 1 minute.
98. The method of claims 95 wherein said curing step further comprises a.
20 cure time of between about 1 and about 60 minutes.
99. The method of claim 95 wherein said curing step further comprises a .
‘cure time of between about 1 and about 30 minutes.
100. The method of claim 97 wherein said curing step is conduct at a
temperature greater than about 25°C.
25 101. The method of claim 97 wherein said curing step is conduct at a
temperature between about 25°C and 70°C.
102. The method of claim 97 wherein said curing step is conduct at a
temperature between about 40°C and 70°C.
103. The method of claim 69 wherein said reaction mixture is cured in a
30 mold and said method further comprises the step deblocking said
ophthalmic device from said mold.
104. The method of claim 103 wherein said reaction mixture further
comprises at least one low molecular weight hydrophilic polymer.
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5 light irradiation. 92. The nethod of claim93 wherein said initiator
conpri ses 1- hydroxycycl ohexyl phenyl Kketone,

bi s( 2, 6-di met hoxybenzoyi)-2,4-4- trinethyl pentyl phosphine oxi de and

m xtures thereof._93. The hod_of  cl ai m. wher ein said.initiator

Corpr | ses. bi 05, aTBE meoeal iy PEURSIST! SES R PP BRUSRE RN TES The
met hod of clai s SyBER&! AngAbét dverGk invdle ELMATRANN bBlesithaR&iboutconpr i ses at

| east one UV absorbi ng conmpound. 95. The method of claim91 wherein said
curing step is cofde@@alten. a cure intensity between about 0.1 and about 6

MV CWV. 15 9 Th f ' : 2 ' L s conduct ed
at a cure |ﬁt0 g'ns??é;ﬁ'tgp%@e@%gﬁqg%ﬁ%@m%ﬂ%@@5%@%&@&%%'3@. 97. The
met hod of 5cl ai s P@ymbehas angmbet avarage gnoi¢apariveightef lesotiianiabest a cure tine

of at | east about & &Bu}e. 98. The nethod of clains 95 wherein said curing
step further conpf?-Q8EDAMON.50 cyre time of between about 1 and about 60

mnutes. 99. 1phe TRE hiathddlof Clafth ADPWhBRRT Bk oW RofbchidF WBBhEAGPmEeNS L her

conprises a cure tine of between about 1 and about 30"m nutes. 100. The
met hod of cl ai m 95elegted &pm theprwup gonsigfingtof wates solublenslyagides, tenperature

reater than abou t i 7 wherein said curin
gt ep i s conduct a Céﬁ%%n@#%e%}egzwc&gegﬁaglc%‘fr%@Ggoz‘nd 700C. 102. The °
met hod oft0cl @08 9Thevrethodrof siml 104whergirsthe fow molesoldweight palymérdsper at ur e
bet ween about 400C .and ZTOOCE 103. The et hod .of cl agim 69 wh‘Sr ein said
reaction nixture >&edgd Zamithe grougsongistng ol-nyiRyTolidaNs. PRYFINHER conpri ses

the step debl ockiggccgg,idy DeiyitabrEze it cCRixturétherof nol d. 104. The met hod
of claim 103 wheréin sai reaction m xture further conprises at | east one

| ow ol ecul arl08ei Ghe mejhadsisiaim d0pwhereiry the daw molpculanweigat hysiiorbilicc| ai m 104
ol ecul ar wei ght RV ELE PR ameDHE) B g e ookl BoMHER S, G el el m
104 wher ddn sai d teastioromedurear wei ght hydrophilic
110. The method of claim 104 wherein the low molecular weight hydrophilic
polymer is present in amounts between about 5 and about 20 weight%
based upon the reaction mixture. |
111. The method of claim 103 wherein said deblocking is conducted using
20 an aqueous solution.
112. The method of claim 103 wherein said aqueous solution further
comprises at least one surfactant.
113. The method of claim 112 wherein said surfactant comprises at least
one non-ionic surfactant.
25 114. The method of ciaim 112 wherein said surfactant comprises TWEEN®,
or DOE120. |
115. The method of claim 112 wherein said surfactant is present in amounts
up to about 10,000 ppm.
116. The method of claim 112 wherein said surfactant is present in amounts
30 between about 500 ppm and about 1500 ppm.
117. The method of claim 112 wherein said surfactant is present in amounts
between about 100 and about 1200 ppm.
118. The method of claim 103 wherein said aqueous solution comprises at

least one organic solvent.
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5 polynmer has a nunber average nol ecul ar wei ght of |ess than about 20, 000
Dal ton, 107. The nethod of claim 104 wherein the | ow nol ecul ar wei ght
polymer is selected fromthe group consisting of water sol uble pol yam des,
| actanms and pol yet hyl ene glycols, and m xtures thereof. 10 108. The net hod
of cl ai m 104 1hBer Biermethed bbelain i Gcwheneinssidytebleokingrie condiictesigt@ct ed from t he

group consi sting poly-vinyl pyrrolidone,. polyeth glycols, poly 2

et hyl - 2- oxazol i net@gnémﬁ-nrg%g "ﬁt?B_Pg?ﬁ‘t?'e'li \ ;Pﬁég ﬁg}%ﬁod of claim104 wherein
the | ow ol equpar THEEMod Bl ¢RRNDB WherdP L ai@BEblbskifng R<@Rbudted argunts up to
about 20 wei ght % based upon the 15 reaction m xture. 110. The nethod of

cl ai m 104 wher ei ntemperatwebatweenwabaut ECEHN abpdt 6L 1 i ¢ pol yner is present
in anmounts b about 5. and out 20 wej % . based n the reaction
xture. 915 12k othednabad gt daim A where il frbiacking S BB NG,  Concuct ed
using 20 an aquegyuatigP! ution. 112. The nethod of claim 103 wherein said

aqueous solution further conprises at |east one surfactant, 113. The met hod
of cl ai m 112 1éRer Bienmethid obclaimtq3awheretrigid agitation corpprises sepkatifhn- i oni c

factant. 11 2l | ; ' ' t ant
conpri ses. Tvithig el FRpIgho e Sl f LRt eXaBARRE T T (i g
surfactant is precemprising aalﬁgiuntoiecuigpweighalh;cdmmlm,mmngmd abl6, The nethod of
203 pom 3R sbour8abis SHHITS! SHiaronli RS RA R eiiRares e st e
surfactant is premgidmeérandBLélrig teproBedn ofrepla)ldd@r apsvead MiHimdA00 ppm 118.

The met hod of cl aim 103 wherein sSaid aqueous solution conprises at |east
one organic sol vedfl imgstoffarn a weltablgdinmedigal devicen 103 wherein sai d debl ocki ng

I s conductedqgj aThetTg@%H%fHéﬁn pﬁwﬁgggﬁg%?ﬁ%q%g%gﬁggmemg 1000C. 120.

The net hod of claim wher el n sal nducted at a
125. The method of claim 123 wherein said device is a contact lens.

15 126. The method of claim 125 wherein said wettability comprises an
advancing dyanimc contact angle of about 70° or less.
127. The method of claim 125 wherein said wettability comprises an
advancing dynamic contact angle of about 60° or less.
128. The method of claim 125 wherein said wettability comprises a tear film
20 break up time of at least about 7 seconds.
- 129.  The method of claim 125 wherein said reactive components further
_ comprisés at least one initiator
130. The method of claim 129 wherein said cure is conducted via irradiation
and said conditions comprise an initiator concentration and cure
25 intensity effective to provide said minimum gel time.
131. The method of claim 129 wherein said initiator is present in an amount
up to about 1% based upon all reactive components.
132. The method of claim 129 wherein said initiator is present in an amount
less than about 0.5% based upon all reactive components.
30 133. The method of claim 130 wherein said cure is conducted via irradiation
at an intensity of iess than about 5 mW/cm?,
134. The method of claim 130 wherein said gel time is at least about 30
seconds.
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t enper ature between about 700C and about 950C. 5 121. The method of claim
103 wherein said debl ocking is conducted using agitation, 122. The net hod
of claim 103 wherein said agitation conprises sonication. 123. A nethod
conprising the steps of (a) mxing reactive conponents conprising a high
nmol ecul ar wei ght hydrophilic polynmer and an 10 effective anount of a

hydr oxyl - functi onal i zed silicone containing nononmer and (b) curing the
product of step (a) at or above a mininum gel tinme, to forma wettable

bi onedi ca 4. The od of ¢l el evice is a
opht hal ni 3qden§‘e mg%@d ofdat nﬁ"gwﬂﬁe"&?%@rﬂeﬁ @?L%ar?%é d:%i:’gw ceis a
contact | ens, skodd®. The nethod of claim 125 wherein said wettability
conprises an advanci ng dyani nt contact angle of about 700 or |ess. 127. The
met hod of claim 125 wherein said wettability conprises an advancing dynam c
contact angl e of about 600 or |ess. 128 The nmethod of claim 125 wherein

sai d wet t B¥-| i the gilicane hydsogeliof slaimiS0wherginysaid bydepxyl-fuactionalizefeast about 7

further compr ReneXonpiniRh riorRcamiies ) B R R T
wherein said duydeoxys3-¢{ad; &tbtramethylr&di ation and said conditions conprise
an initiator n 0 cure 25 intensi e e provi de said
m ni num gel tﬁﬁﬁ ﬂyisa‘l l[)ﬂ %@ﬁ ﬁPrOBPéY ROPY e%’ﬁérsé'cﬁh¥%oah?ﬁl tiator is
present in an RIMRHER corHprided hylpyrdIRRAE; $d@Rdaltlbnbesiiddnee conponent s.

132. The net hod of cl ai % 129 F?(h\/\ﬁgr){aéir}\ﬁsal dinitiator is present in an anount

| ess than abomonbalwmmmnawmamse&réamme@a@aﬁ@cmxé.tersnnqtsg The met hod

of clajm 130 i t an intensity

of 1ets"tan ABHEND R Earpialest poifaRRGIGIG e ahiieal] BB, " L ge

tine is at | eaabn@betstccBﬁprlseemlydmxyéﬁyllr&EthaEmatemhucNJlNef claim 123 wherein
bout 35 seconds. 136. The silicone hydrogel of

said gel tine is | east
cl ai m 50 V\here‘ij'ﬁ‘e@é)flﬂcrbﬂam'a‘fcyl -functional i zed

137. The silicone hydrogel of claim 136 comprising the reaction product of
15 about 28 weight % 2-propenoic acid, 2-methyl-,2-hydroxy-3-[3-[1,3,3,3-
tetramethyl-1-[(trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester, about 31
weight % monomethacryloxypropyl terminated mono-n-butyl terminated
polydimethylsiloxane about 24 weight % N,N-dimethylacrylamide, about 6
weight % 2-hydroxyethyl methacryate, about 1.5 weight %
20 tetraethyleneglycoldimethacrylate, about 7 weight % polyvinylpyrrolidone,

and up to about 1 weight % photoinitiator.

138. The silicone hydrogel of claim 136 comprising the reaction product of
about 30 weight % 2-propenoic acid, 2-methyl-,2-hydroxy-3-[3-[1,3,3,3-
25 tetramethyl-1-[(trimethylsilylJoxy]disiloxanyl]propoxy]propyl ester, about
23 weight % monomethacryloxypropyl terminated mono-n-butyl
terminated polydimethylsiloxane about 31 weight % N,N-
dimethylacrylamide, about 7.5 weight % 2-hydroxyethyl methacryate,
about 0.75 weight % ethyleneglycoldimethacrylate, about 6 weight %
30 polyvinylpyrrolidone, and up to about 1 weight % photoinitiator.
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5 silicone containing nonomer conprises 2-propenoic acid, 2-nethyl-

hydr oxy-3-[3-[1, 3, 3, 3-tetranet hyl -

[ (trimethylsilyl)oxy]disiloxanyl]propoxy]propyl ester, said hydrophilic

pol ymer conprises pol yvinyl pyrrolidone; said additional silicone containing
nmononer conpri ses nononet hacryl oxypropyl term nated 10 nono-n-butyl

term nated pol yclinet hyl sil oxane and sai d hydrophilic nononers conprise

2- hydr oxyet hyl nethacryate and N, N- di nmet hyl acryl am de. 137. The silicone

hydr ogel cl.aim mpri g t he .reaction ut 28 wei ght
o8 2 oF opengPc. T iceeBER9eel o YRR oG (hg rgesiqnLerogiel Pl - 1 9(t 11

net hyl si 1yl )é%]{ﬂ3@w&ght|%>26§%bbnﬁb%ﬂf<ﬂméﬂﬂl Prhy @8k e3- [36[b,<3,13,331 wei ght %
nono et h acryl oxyp pyl term nated nono-n-butyl term nated

pol ydi met hyl s|temﬁ@)'hfid(lt'"@mwﬁéﬁ)’t}%y}%ﬂ@wﬂW@PHWMEQFM asteaeabodbout 6
ht % 2-h
}[Ng![ ?aet hyl engg{sﬁﬁ%ph%‘bﬂ“ aéryﬁ%l&ﬂgéw%e@n\eﬁ%ﬁ%”ﬂ/m f{yw ¥1yl pyrrolidone,

and up to abouerrmlnamdgfrctly&rmelthwwouam about. 31188ighTPieNsld i cone hydr ogel of

claim 136 corrp e reac about 30 i h % 2- propenoi ¢
aC|d 2- met hyI {m(%ﬂ'gﬁ | OP ng’}ggofﬂy@{ Iﬁnetwecr?/a

-1-[(trimet 'Bﬂoﬁt by \)/@.?Mi M éthk/@hégbﬁb&)lﬁfnﬁ’é}ﬁéé’ Rt®touestvidightedaout 23 wei ght
% mononet hacryl oxypropyll term nated nono-n-bufyl term nated

pol ydi net hyl sirohamépatlidong.arkkiegathay apaut 1aveishhi pRatginiiatere, about 7.5
wei ght % 2- hydr oxyet hyl net hacryate, about 0.75 weight %
et hyl enegl ycol di net hacryl ate, about 6 wei ght % 30 pol yvi nyl pyrrolidone, and
qu t 010ab0140. 1 Averiegiindd fki;r}phptdwiny mbmatagllﬁyoﬂerOpTMImicldetvmee‘ﬁhyldd ogel of
claim 136 corrprlsm t ereactlon [ oduct o out 30 wei ght % 2- propenoic
aC| d, 2-net hylTOMaHFactinnmadtyrs. ‘M“g"sﬂ“%adfﬂ'ﬁg @5%@§Eone R'9\('\‘E

-1-[(trimet r}?ﬂblééulﬁf% R diooRiRBohlRércRRrad Bffe@Kle ARGt orgout 18 vei ght
%m)nomat hacryl oxypropyl™ tef m nat ed rfono-n-butyl 5 term nated
pol ydi net hyl siléastane compatibBizinggnghemes fo, $¢id geantionymixturgl anmi de, about 9
wei ght % 2- hydr oxyet hyl nethacryate, about 0.8 weight %
et hyl enegl ycol di net hacryl ate, about 6 weight % pol yvinyl pyrrolidone, and

| ess tshan1abouthelmethiodhdf claiphiOwnetsirtssid .cohipalibilizing meihdradr hes | nprovi ng

the wettability of an ophthal m c device forned
a compatibility index of greater than about 0.5.

142. The method of claim 140 wherein said compatibilizing monomer has a

compatibility index of greater than about 1.

20
143. The method of claim 140 wherein said compatibilizing monomer
comprises at least one siloxane group.
144. A method for improving the wettability of an ophthalmic device formed
25 from a reaction mixture comprising incorporating at least one high

molecular weight hydrophilic polymer and an effective amount of at
least one hydroxyl-functionalized silicone containing monomer to

said reaction mixture.
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froma reaction m xture conprising adding at | east one high nolecul ar

wei ght hydrophilic polynmer and an effective anount of at |east one

conpati bilizing nonomer to said reaction m xture. 15 141. The met hod of

cl aim 140 wherein said conpatibilizing nonomer has a conpatibility index of
greater than about 0.5. 142. The nmethod of claim 140 wherein said

conpati bilizing nononer has a conpatibility index of greater than about 1.
20 143. The nethod of claim 140 wherein said conpatibilizing nmonomer

conpri ses ast gne silaxa oup. 144. t hod for oving the
Wet Labi 1 14b-of T iREk 1SS (et Rbgrers s ForaBlig e mpBaie BAS At ur o
conpri si ng i ncynisEtdilitynhdek of gfsdterothanabalt 0Bl ecul ar wei ght hydrophilic
pol ymer and an effective amount of at |east one hydroxyl-functionalized

silicone containing nonomer to said reaction mxture. 68 145. The method of

arater o ams eBic SRR LA bhelehe SBRRRTIafiRh mpAGREL hayay Y Mo ©f
conpats bi i zi rgpngatibitity indes oﬁgréateloum}aatabbut ity index of greater than about

1. 147. The nethod of claim 144 wherein said conpatibilizing nonomer has a
Si to CHratio of |ess than about 15:1. 10 148. The nethod of claim 144

wherein sz Cﬂ@ﬁ\bﬂ@d‘éfzdlé]& WWH&Feuﬁ‘@&d c%n?!aubmz@g mhahoMePhad gt Veen about
1:1 to about 10:1 . The nethod of claim1l eréin said wettability

conprises a cSth@&U'ﬂ r@tmgcpfées)s thabahou8d5dr | ess. 15 150. A device conpri sing
a silicone hydrogel contact lens which is substantially free from surface
deposition wi thout surface nodification. 69

10 148. The method of claim 144 wherein said compatibilizing monomer has
a Si to OH ratio of between about 1:1 to about 10:1

149. The method of claim 125 wherein said wettability comprises a
contact angle of about 80° or less.
15
150. A device comprising a silicone hydrogel contact lens which is
substantially free from surface deposition without surface

modification.
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